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(54) SHEET FOR IN-MOLD DECORATING AND IN-MOLD DECORATED ARTICLE 



(57) An in-mold decorating sheet (4,21,51) is set in 
an injection mold (5, 6, 25. 26, 55, 56) and, after clamp- 
ing the mold, molten molding resin (10, 30, 60) is 
injected into the mold and allowed to cool and solidified, 
and part of the in-mold decorating sheet is integrally 
bonding to a surface of the molding resin, by which a 
molded resin product is obtained. After these proc- 
esses, when the in-mold decorating sheet is peeled off 
from the surface of the molded resin product in compli- 
ance with conditions of ASTM D903. the in-mold deco- 
rating sheet has a peel strength of at least not less than 
1 kgf/inch width or the in-mold decorating sheet breaks 
before reaching the peel strength. Therefore, an unnec- 
essary portion of the in-mold decorating sheet is easy to 
trim from the surface of the molded resin product. 
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Description 

Technical Fiefd 

[0001] The present invention relates to in-mold decorating sheets, as well as in-mold decorated articles using the 
same, for use in decorating the surfaces of nnolded resin products of three-dimensional shape including interior auto- 
motive trims such as console boxes, center clusters, and switch bases, exterior automotive trims such as side mud- 
guards, bumpers, wheel covers and braid, and component parts for household electrical appliances such as refrigerator 
doors and air-conditioner front panela 

Background Art 

[0002] As a surface decorating method, there has been known an in-mold decorating method using an in-mold dec- 
orating sheet. This method comprises setting into an injection mold an in-mold decorating sheet with a pattern layer 
formed thereon, clamping the mold, injecting a molten molding resin into a cavity, and allowing the molding resin to set, 
where a pattern-layer side of the in-mold decorating sheet is integrally bonded to the surface of the molded resin prod- 
uct, by which an in-mold decorated article is obtained. 

[0003] After the molding, an unnecessary portion of the in-mold decorating sheet that has not been bonded to the 
molded resin product Is removed by trimming. The trimming process may be a process of burning out an insert film by 
irradiating a laser beam, a process of making a punch die for trimming and punching an insert film by pressing a proc- 
ess of removing by human hand as if it were tom, or the like. 

[0004] However, the in-mold decorating sheets obtained by these processes have had the following issues resoec- 
tively. 

[0005] A first issue is deficiencies of tiie trimming process, or peeling of the in-mold decorating sheet from the 

25 molded resin product during the trimming process. 

[0006] That is. in the process using a laser beam for trimming, there has been an issue that too much radiation off 
the laser beam would cause the vicinity of tfie trimming portion to burn and thereby discolor due to the heat of the laser 
beam. Also, in the process using a punch die. tfiere has been an issue that too large a pressing force would cause the 
punch die to deteriorate in sharpness with time. Further, in the process with human hand, there has been an issue that 

30 inappropriate work would cause the in-mold decorating sheet to be partly peeled off from the molded resin product 
before the in-mold decorating sheet is cut. Such issues are caused due to the deficiency in adhesion between the in- 
mold decorating sheet and the molding resin and/or to the fact that the in-mold decorating sheet itself is hard to be cut. 
[0007] A second issue is the peeling of the in-mold decorating sheet from the moldaJ resin product due to shrink- 
age of tfie molding resin. This occurs when there is a large difference between the shrinkage rate of the molded resin 

35 product that occurs within 24 hours after the molded resin product tiiat has formed by injecting and then setting the 
molding resin is removed from the injection mold (I.e.. the shrinkage rate of the molding resin), and the shrinkage rate 
of the in-mold decorating sheet until tiie in-mold decorating sheet ttiat has been heated during the injection molding 
turns back to normal temperature (for example, with an interior automotive tirim, this issue occurred when the in-mold 
decorating sheet was an acrylic printed film and the molding resin was polypropylene resin, where the shrinkage rate 

40 Of the former was about 4/1 000 and that for the latter was about 1 5/1 000). 

[0008] That is, when an in-mold decorating sheet 94 and a molded resin product 93 formed by the setting of mold- 
ing resin are integrated into an in-mold decorated article 95 (see Fig. 5A) and then cooled, a strong bonding force 
between the in-mold decorating sheet 94 and the molded resin product 93 of the set molding resin would cause a warp 
to occur to the whole in-mold decorated article 95 afong with a deformation of the molded resin product 93 of the set 
45 molding resin (see Fig. 5B). 

[0009] Also, a weak bonding force between the in-mold decorating sheet 94 and the molded resin product 93 of the 
set molding resin would cause a minute shift to occur between the bonding surface of the in-mold decorating sheet 94 
and the bonding surface of the molded resin product 93 of tiie set molding resin, resulting in the peeling of the in-mold 
decorating sheet 94 from the molded resin product 93 of the set molding resin at the end 95a of the in-mold decorated 
50 article 95 or other faults (see Fig. 5C). ««w.ai«u 

[001 0] A third issue is that in a desire for an in-mold decorated article of deep drawing with a design of metallic lus- 
ter, the pattern layer of the in-mold decorating sheet is largely stretched, causing craze (micro cracks) to occur so that 
the metallic luster is reduced, making the in-moW decorated article unusable. 

(001 1] In such applications as exterior automotive trims including side braid and bumpers, many products are of 
55 metallic-hke design. In this case, conventionally, there have been generally used products in each of which an in-mold 
decorating sheet obtained by dry-laminating both of a film having chromium vacuum-deposited coating formed on a 
weatfierproof polyester film and a bonding film together is integrally bonded to the surface of the molded resin product 
However, this is not applied to moWed resin products of deep-drawn shape for tiie aforementioned reason. 
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(001 2] Therefare. it is an object of the present invention to provide an in-mold decorating sheet which is free from 
any deficiency in adhesion with molding resin or which itself is hard to be cut. as well as an in-mokJ decorated article 
using the in-moW decorating sheet aiwjoiuwo 

1001 3] A further object of the present invention is to provide an in-mold decorating sheet which is hard to be peeled 
from the molded resin product due to shrinkage of the molding resin, as well as an in-mold decorated article usina the 
in-mold decorating sheet. 

(001 4] A further object of the present invention is to provide an in-mold decorating sheet in which even in a case of 
obtaining an m-mold decorated article of deep drawing with a design of metallic luster, its pattern l^er of the in-mold 
decoratng sheet is prevented from being largely stretched, yields less craze (micro cracks), and less reduces in metallic 
luster, as well as an in-mold decorated article using the in-mold decorating sheet. 

Disclosure Of Invention 

f I IT *° accomplish the above object(s). the present invention has the following constitutions 
[001 6] According to a first aspect of the present invention, there is provided an in-mold decorated article obtained 
by compnsing: setting an in-mold decorating sheet in an injection mold; after the mold clamped, injecting molten mold- 
ing res.n into the mold; after cooling and solidifying of the injected molding a resin, integrally bonding a part of the in- 
mdd decorat ng sheet to a surface of the molding resin: and then, removing a remaining unbonded porton of the in- 
mold decorating sheet, wherein 

when the in-mold decorating sheet is peeled off from an interface with the solidified molding resin in compliance 
with conditons of ASTM D903. the in-mold decorating sheet has a peel strength of at least not less than i kgl/in^ S 
or the in-mold decorating sheet breaks at the interface before reaching the peel strength 

iT^ • .^'^''""9 ^° « second aspect of the present invention, there is provided an in-mold decorated article as 
ddined in the first aspect, wherein a difference in shrinkage rate between the in-mold decorating sheet and the after- 

25 solidifying molding resin is 0/1000 - 8/1000. Buuwaiiw 
(0018] According to a third aspect of the present invention, there is provided an in-mold decorated article as defined 
in the first or second aspect, wherein when a tensile test is carried out with a 10 mm wide test specimen of the in-mold 
decorating sheet fixed between a pair of chucks with an apposite end edge distance of 100 mm. Iw applying a load at 
a constant speed of 5 rnm/sec to the test specimen at one end thereof under an ambient tenperature ^ndUa, of 25»C 

30 the test specimen exhibits a tensile strength at break of 0.2 - 2 kgf. 

in ^^T" °* P'®^®"* invention, there is provided an in-moU decorated article as 

inZmi^ T ""^ 'V""^ in-mold decorating sheet comprises at least a base she^ 

and a metallic color layer, and wherein when a 10 mm wide test specimen of the in-mold decorating sheet fixed between 
a pair of chucks with an opposite end edge distance of 10 mm is elongated up to 20 mm by applying a load at a constant 
.5 speed of 10 mm/min to one end of the test specimen under an ambient temperature cc^^ Si IM^C theTr^S 
decorating sheet exhibits a surfece specular gloss of not less than 75 at 60° reflection. 

(0020] According to a fifth aspect of the present invention, there is provided an in-mold decorated article as defined 
in any one of the first to fourth aspects, wherein the molding resin is polypropylene resin 

a^^L ■ to a sixth aspect of the present invention, ttiere is provided an in-mold decorated article as 

ffS"gthrjgr:rj:^^^^^^^^^^ 

™L„t«'^''^'"° ?.u ^^.^^^ o' the present invention, there is provided an in-mold decorated article 
A^w"^ 1 '"^l*" « "^"^ '"to polypropylene molding resin 

« in T Tf^ ^''^ "'^^ Sv^ld'Secorat^Tartlde 

fetla ^ " component is mixed into the polypropylene moldlS 

[^4] According to a ninth aspect of the present invention, there is provided an in-moW decorated article as 
defined in any one of the firat to eighth aspects, wherein a resin component of a layer, bringing M7<^^a^Z 
mdkting resm. out of print layers of the in-mold decorating sheet is chlorinated polypropylene^eri^ r Jn 

• '^''^"B to a tenth aspect of the present invention, there is provided an in-mold decorated article as 
defined in any one of the fm to ninth aspects, wherein the in-moW decorating sheet has at least a pattern teyer tomiS 
in a base sheet, and wherein when a tensile test is carried out witii a 10 mm wide test specimen of ttTe base sheet f ixad 
between a pair of chucks with a chuck-to-chuck distance of 100 mm. by applying a iL T^Z^^^JTo 
mm/mm to the test specimen at one end thereof under an ambient tem^^ra rondition of 4oTSetSl 2^,22 
exhibits a tensile sti-ength at break of not less than SSOgf. v,, we lesi specimen 

10026] According to an eleventti aspect of the present invention, there is provided an in-mold decorated article as 

.men of the m-moW decorating sheet fixed between a pair of chucks with a chuck-to-chuck distance of 100^ 
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applying a load at a constant speed of 3 mmfeec to the test specimen at one end thereof under an ambient temperature 
condition of 1 10»C, the test specimen exhibits a tensile elongation at break of not less than 150%. 
10027] According to a twelfth aspect of the present invention, there is provided an in-mold decorated article as 
defined in any one of the first to eleventh aspects, wherein the base sheet of the in-mold decorating sheet is an acrylic 

5 film having a thickness of 50 - 200 jim or a polycarbonate film having a thickness of 30 - 1 50 (im 

[OWei According to a thirteenth aspect of the present Invention, there is provided an livmold decorated article as 
defined in any one of the first to eleventh aspects, wherein the base sheet of the In-moW decorating sheet is a polyvinyl 
alcohol film having a thickness of 50 - 800 |un. k«7"i t 

[0(M9] According to a fourteenth aspect of the present invention, there is provided an in-mold decorated article as 

10 defined in any one of the first to thirteenth aspects, wherein the in-mold decorating sheet comprises at least a base 
sheet and a metallic color layer, the metallic color layer being a SO - 800 A thick indium metal thin film, a 300 - 600 A 
thick tin metal thin film, or a 1 .0 - 3.0 jim thick metal powder ink film. 

[0030] According to a fifteenth aspect of the present invention, there is provided an in-mold decorated article as 
defined in any one of the first to thirteenth aspects, wherein the in-mold decorating sheet conurfses at least a base 

15 sheet and a metallic color layer, the metallic color layer being a 100 - 600 A thick indium metal thin film 

[0TO1 J Accordmg to a sixteenth aspect of the present invention, there is provided an in-mold decorating sheet tor 
Obtaining an in-mold decorated article by comprising: setting the in-moM decorating sheet In an injectton mold- after the 
mold clamped injecting molten molding resin into the mold; after cooling and solidifying of the injected molding resin 
integrally bonding a part of the in-mold decorating sheet to a surface Of the molding r^n^ 

20 ing unbonded portion Of the in-mold decorating Sheet, wherein removing a remain 

when the in-mold decorating sheet is peeled off from an Interface with the solidified molding resin in compliance 
with conditions of ASTM D903. the in-mold decorating sheet has a peel strength of at least not less thani UgfAnOt width 
or the in-mold decorating sheet breaks at the Interface before reaching the peel strength 

2s SSn«i ^P«°* °' ll^e P^esem invention, there is provided an in-mold decorating sheet 

II " ^^^^ ^ shrinkage rate between the in-mold decorating sheet and the 

after-solidif ying molding resin is 0/1 000 - 8/1 000. »• u w 

[0033] According to an eighteenth aspect of the present invention, there is provided an in-mold decorating sheet as 
fTr.^ !h °' aspect, wherein when a tensile test is carried out with a 10 mm wide test spec- 

imen of the in-mold decoratng sheet fixed between a pair of chucks with an opposite end edge distance of 1 00 mm by 
app^ing a oad at a constant speed of 5 mm/sec to the test specimen ^ 

condition of 25'C. the test specimen exhibits a tensile strength at break of 0.2 - 2 kgf lemperaiure 
[0034] According to a nineteenth aspect of the present invention, there is provided an in-mold decorating sheet as 

f^ te^«n^ T ^ When a 1 0 mm wide test specimen of the in-mold decorating sheet 

^!!?fn** an opposrte end edge distance of 10 mm is elongated up to 20 mm by applying a 

^on t^ IL?^ °* ^° ^ ^"^ ^"^^^ ""'le^ a" ambient tenperatore co^ifion 

r!^,« T'"^. ''^''^^^"S «^'bits a surface specular gloss of not less than 75 at 60'^lecfion 
[TO3^ According to a twentieth aspect of the present invention, there is provided an in-moM decorating sheet as 

40 [0036 According to a twenty-first aspect of the present invention, thera is provided an ^oWdecorati^^ 

wherein ,n the ,n-mold decorated article as defined in any one of the sixteenth to twentieth aspSs ^^^9 rS 
IS polypropylene resin having an after-solidifying shrintage rate of 4/1000 - 12/1000 

Ein in ^'"VZ'' twenty-seoond aspect of the present irwerrtion. there is provided an in-mold decorating sheet 

ISn ini!^l!!SJ^l^'*^"! ^"^fl °' '^^ ^'^^^ '"--"""l decorating sheet 

^Z i^^^J^'T^^ ^^ ^ ''^'"^ °' ^"^^^ twenty-second aspects, a rubber con? 
ponent IS mixed into the polypropylene molding resin. .-iMiwercom 

THain^ According to a twenty-fourth aspect of the present invention, there is provided an in-mold decorating sheet 
t^cfSthfhl ""^^^"^ '° twenty-third aspecte. wherein a resin component of a layer iJ^S So cJ^^ 

n^m ! t"^ '^^^'^ °' decorating sheet is chlorinated polyr««;tene-Ses rSJ 

ZnL ■ !° ^ «^«ct of the present invention, there is provided an iSSaStTSeri 

f^Trt ^"^^"^^^ to twenty-fourth aspects, wherein the in-moW decorating sheet hasrttaas?Sem 

layer formed in a base sheet, and wherein when a tensHe test is carried out with a 10 mm vSte tS soSmen^ th« 
Stf 'f f " °' « chuck-to-chuck distance of 1 00 rl. b^Sp^ng ^UdT T c^nltTrS 

speed of 500 rnrrvmin to he test spedmen at one end thereof under an ambient temp;rafure c^ndilTon^ri-cTel^S 
speamen exhibrts a tensile strength at break of not less than 850 gf conomon or w o, the test 

[0041 ] According to a twenty-sixth aspect of the present invention, there is provided an in-mold decorating sheet as 
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defined in any one of the sixteenth to twenty-fifth aspects, wherein when a tensile test is canied out with a 10 mm wide 
test specimen of the in-mold decorating sheet fixed between a pair of chud<s with a chud<-to-chud< distance of 100 mm. 
by applying a load at a constant speed of 3 mm/sec to the test specimen at one end thereof under an ambient temper- 
ature condition of 1 1 0'^C, the test specimen exhibits a tensile elongation at break of not less than 150%. 

5 [0042] According to a twenty-seventh aspect of the present invention, there is provided an in-mold decorating sheet 
as defined in any one of the sixteenth to twenty-sixth aspects, wherein the base sheet of the in-mold decorating sheet 
IS an acrylic film having a thickness of 50 • 200 jim or a polycarbonate film having a thickness of 30 - 150 nm 
[0043] According to a twenty-eighth aspect of the present invention, there is provided an in-mold decorating sheet 
as defined in any one of the sixteenth to twenty-sixth aspects, wherein the base sheet of the in-moW decoiating sheet 

10 is a polyvinyl alcohol film having a thickness of 50 - 800 \im, 

[0044] According to a twenty-ninth aspect of the present invention, there is provided an in-mold decorating sheet 
as defined in any one of the sixteenth to twenty-eighth aspects, the in-mold decorating sheet comprises at least a base 
sheet and a metallic color layer, the metallic color layer being a 50 - 800 A thick indium metal thin film, a 300 - 600 A 
thick tin metal thin film, or a 1 .0 - 3.0 \im tiiick metal powder ink film. 

15 [0045] According to a thirtieth aspect of the present invention, there is provided an in-mold decorating sheet as 
defined in any one of tiie sixteenth to twenty-eightii aspects, wherein the in-mold decorating sheet comprises at least a 
base sheet and a metallic color layer, the metallic color layer being a 100 - 600 A thick indium metal thin film 
[0046] According to a thirty-first aspect of the present invention, there is provided a method for manufacturing a 
three<iimensionaIIy worked in-mold decorated article as defined in any one of the sixteenth to thirtieth aspects com- 
20 prising: setting the in-moW decorating sheet into a mold with the in-moW decorating sheet as defined in any one of 
Claims 16 to 30 three-dimensionally worked; and simultaneously witti forming a molded resin product after the mold 
clamped, integrally bonding the in-moW decorating sheet to a surface of the molded resin product. 
[0047] According to a thirty-second aspect of the present invention, there is provided a method for manufacturing 
an in-mold decorating article, comprising: setting into a mold the in-mold decorating sheet as defined in any one of the 
25 sixteenth to tiiirtieth aspects: three-dimensionally working the in-mold decorating sheet within the mold; and simultane- 
ously with forming a molded resin product after the mold clamped, integrally bonding the in-mold decorating sheet to a 
surface of the molded resin product. 

[0048] According to a tiiirty-third aspect of the present invention, there is provided an in-mold deoorated article 
which IS manufactured by the in-mold decorated article manufacturing metiiod as defined in the thirty-first or thirtv-sec- 
30 ond aspect. ^ 

[0049] According to a thirty-fourth aspect of the present invention, there is provided an In-mold decorated article as 
defined in any one of the tenth to twelfth aspects, wherein the pattern layer is an organic-solvent soluble ink layer 
[0050] According to a thirty-^ifth aspect of the present invention, there is provided an in-mold decorated article as 
defined in any one of the tenth, eleventh, and thirteenth aspects, wherein the pattern layer is a water-soluble ink layer. 
35 [0051 ] According to a thirty-sixth aspect of the present invention, there is provided an in-mold decorating sheet as 
defined in any one of the sixteentii to twenty-seventh aspects, wherein the pattern layer is an organic-solvent soluble 
ink layer. 

[0052] According to a thirty-seventh aspect of the present invention, there is provided an in-mold decorating sheet 
as defined in any one of the sixteenth to twenty-sixth, and twenty-eighth aspects, wherein the pattem layer is a water- 

40 soluble ink layer. 

Brief Description Of Drawings 

10053] These and otfier aspects and features of the present invention will become clear from the following descrio- 
Sch conjunction with the preferred embodiments thereof with reference to the accompanying drawings, in 



Figs. 1 A and 1 B are enlarged sectional views of an example and a modifk»tion. respectively, off an in-mold deco- 
rating sheet according to a second embodiment of the present invention; 

^'^'J^ 't^ sectional view showing one of the processes of a method for manufacturing an acrylic film insert- 
molded article, which is an example of an in-mold decorated article according to the second embodiment off the 

invcnuon , 

'^'^,11 V ^o«'"9 °"® o* e processes of the method for manufteturing the acryKc film insert- 

molded article; 

Fig 3 is a sectional view showing one of the processes of the method for manufacturing the acrylic film insert- 
moidea article; 

Fig. 4 is a sectional view showing the acrylic film insert-molded article; 

Figs. 5A. 58. and 5C are sectional views for explaining molded resin products manufactured by prior art methods 
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for manufacturing an acrylic film insert-molded article; 

Fig. 6 is an enlarged seclional view showing an insert film which Is an In-mold decorating sheet according to the 
first embodiment or a third embodiment of the present invention; 

Fig. 7 is a sectional view showing one process of the method for manufacturing an insert-molded artide with the 
5 insert film of the third embodiment; 

Fig. 8 is a sectional view showing one process of the method for manufacturing the insert-molded article with the 
insert film of the third embodiment; 

Rg. 9 is a sectional view showing one process of the method for manufacturing the insert-molded article with the 
insert film of the tiiird embodiment; 
10 Rg. 1 0 Is a sectional view showing one process of ttie method for manufacturing the Insert-molded article with the 
Insert film of the third embodiment: 

Rg. 11 Is a sectional view showing an Insert-molded article obtain^ by using the Insert film of the third embodi- 
ment; 

Rg. 12 is a perspective view of an insert-molded article made for Investigating the characteristics of tiie Insert film 
15 of the third embodiment; 

Fig. 13 is a perspective view showing equipment for measuring tensile strength at break and tensile elongation at 
break of the insert film of the third embodiment; 

Fig. 1 4 is a plan view showing a portion for fixing the test specimen in the equipment for measuring tensile strenoth 
at break and tensile elongation at break; 
20 Rg. 15 is a sectional view showir^ a portion for fixing the test specimen in the equipment for measuring tensile 
strength at break and tensile elongation at break; 

Fig. 16 Is a sectional view showing an embodiment of an in-mold decorating sheet according to a fourth embodi- 
ment of tiie present invention; 

Rg. 17 is a sectional view showing one of the processes of the method for manufacturing the in-moW decorated 
25 article according to the fourth embodiment of the present Invention; 

Rg. 18 is a sectional view showing one of tfie processes of tiie method for manufacturing ttie in-mold decorated 
article according to the fourth embodiment of the present invention, subsequent to ttie process of Rg. 17- 
Fig. 19 is a sectional view showing one of ttie processes of the method for manufacturing the in-mold decorated 
artide according to tiie fourth embodiment of the present invention, subsequent to tiie process of Rg 18- 
Rg. 20 is a sectional view showing an in-mold decorated article obfained by ttie method for manufacturing ttie In- 
mold decorated article according to the fburtti embodiment of ttie present invention; 

Fig. 21 is a sectional view showing a three<limenslonally worked in-mold decorating 'sheet to be used in the method 
for manufacturing the In-mold decorated article according to ttie fourth embodiment of the present Invention- 
Rg. 22 IS a sectional view showing one of ttie processes of ttie method for manufacturing ttie in-mold decorated 
article according to the fourth embodiment of the present invention, subsequent to ttie process of Rg 21 • 
Rg^23 IS a sectional view showing one of ttie processes of ttie method for manufacturing tfie in-mold decorated 
article according to ttie fourth embodiment of the present invention, subsequent to ttie process of Fig 22- 
Rg. 24 is a plan view showing a deep-drawn molded resin product shape for evaluation of three-dimensional mold- 
ing i n ttie mettiod fbr manufacturing ttie in-mold decorated article according to ttie fburtti embodiment of ttie present 
40 invention; 

Rg. 25 is a sectional view showing a deep-drawn molded resin product shape for evaluation of ttiree-dimensional 
molding in the method for manufacturing ttie In-mold decorated article according to the fburtti embodiment of ttie 
present Invention; 

Rg. 26 is a perspective view showing equipment for applying a load to the test specimen of an rn-mold decorating 
sheet in the method fbr manufacturing ttie in-mold decorated article according to the fburtti embodiment of ttie 
present invention; 

Rg. 27 is a plan view showing a portion for fixing the test specimen in the equipment for applying a load to the test 
^^1^1 decorating sheet in the method far manufacturing the in-moU decorated article accorting 

to the fourth embodiment of the present invention; 

St !n J^i^fn"^""^' ^ P°^^'°" **^"9 the test specimen in the equipment for applying a load to the 

test specimen of an m-mo!d decorating sheet in tfie mettiod for manufacturing ttie In-mold decorated article accord- 
ing to the fourth embodiment of ttie present invention; 

m^H^rJLn"^?!f view showing an Insert film which is an In-moW decorating sheet according to a 
modification of the first or third embodiment of the present Invention* 

S St?nda^^^ '''^ ^""^ ^ ^'^ "^^^ '^^^^y- « specimen prepared In complfance witti 

Figs. 3 1 A 3 1 B are a perspective view and a side view, respectively, fbr explaining an in-mold decorated article used 
in ttie evaluation as to whettier trimming process is easy or not; 
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Fig. 32 is a graph showing a relationship between stress (load) and strain (elongation); 
Rgs. 33A. 33B are a side view and a perspective view, respectively, for explaining the peel stretjgth test; and 
Fig. 34 IS an explanatory view of equipmait for measuring the surfece specular gloss at 60» reflection accoidina to 
JIS Z8741 (ASTM DS23-62T). " 

Best Mode for Carrying Out the Invention 

[00S4] Before the description of the present invention proceeds, it is to be noted that lite parts are designated by 
Ilka reference numerals throughout the acconipanying drawings. 
'0 [0055] Hereinbelow. in-mold decorating sheets as well as in-mold decorated articles using the in-mold decoratina 
sheets, according to various embodiments of the present invention are described in detail with reference to the accom- 
panying drawings. 

[0056] Embodiments of the present invention are first briefly explained in outline, and then the individual embodi- 
ments are described in detail. w"uuui 

s [0057] An in-mold decorating sheet and an in-moW decorated article using the in-mold deooiating sheet accoreiinq 
to a first embodiment, are characterized in that the in-moU decorated article is obtained by a process comprising set 
bng an in-mold decorating sheet in an injection mold; after the mold clamped, injecting molten molding resin into the 
mold; after cooling and setbng of the injected molding resin, integrally bonding a part of the in-mold decorating sheet to 

a """'"9 then, removing a remaining unbonded portion of the in-mold decorating sheet, wherein 

SfTnSSor T: H H u*® '""^ decorating sheet has a peel strength of at least not less than 1 

^ ? ! °" decorating sheet breaks at the interface before the sheet reaches the peel strength 
[0058] That IS. It IS esseritial for the in-mold decorating sheet to be firmly in strong adhesion with the molding resin 
and as a result of a test for the necessary adhesive force, it was found that a peel strength of at least 1 mnnOi widtfi 
5 or more is necessary when the in-mold decorating sheet is peeled off from the interface with the molding resin accord- 
ing to the conditions of JIS K 6744-1992 (ASTM D903). moiaing resin accoia- 

[0059] Next, an in-mold decorating sheet and an in-mold decorated article using the in-moW decoratina sheet 
h^lln^h"-^ ^^pTh ^^'""T °' P^«^ characterized in that a difference in shrinkage rat^ 

, thlTthTJ^llT ^^l*"^ after-solidifying molding resin is 0/1000 - 8/1000. That is. it is in^ortaS 

TlTllw^T ^'"^^ T decorating sheet and the after-solidifying moldingTesin 

small. mal«ng it necessary to select materials so that the difference is 0/1000 to 8/1000 as a r^ult of a t^ /S 

mi^^^ZtS^ • ^^'Zr ^ "^'P '^"'^ '"-"^ "^'^'^ af«<='e a'ong ^th a defo?- 

r^u^ld^fS^ 'T p:**"*^ °* -"""'"S (see Rg. SB). To solve this issue, it is indispensable to 

Tf^J^^ shrinkage rate between the in-mold decorating sheet and the after-solidifying molding resin /te 

fo^oo? ^"^ "^^^ 

[0060] If the difference falls outside this range, it is preferable to modify either the in-moW decoraUno sheet or the 

«kf thereintl ' " °' "^'"^'^ '^'^ <^'^"0 a fSer agem oTmS 

in^rLn -^^S^;, an acrylic print film and the molding resin is polypropyl- 

frr^lji .hi """^"^ P0'yP--0PWene resin by charging a filler agent or the like into pol^jropylSi 

Wiene resin. cMonnated polypropylene-senes resin is preferably selected as the resin component Of a laver brinrir^ 
[0062] Next, an in-mold decorating sheet and an in-mokJ decorated article using the in-mold decoratina «:ho«. 

10063] That IS other than the arrangement of the first embodiment in which the in-moW decoratino sheet reauirp.. 

^;?/Jf;!r"*°"^ ''~ ^f^^** a«ernatively be m^e^Sr to brik to 

extent that easier trimming is ensured and that no faults occur in the other processes as in mfs thSl eXdL^m !2 

ir^LVetSZt r ^^^^ ° •^"^"^ carrl^ « a 1 0 mm S teTt^Sn^ 
the in-molddecorating sheet f«ed between a pair of chucks with an opposite end edge distance of 100 mm^Z^^ 
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a toad at a constant speed of 5 mm/sec to the test specimen at one end thereof under an annbient temperature condition 
of 25"*C. the test specimen should exhibit a tensile strength at break of 0.2 - 2 1^. 

[0064] In particular, in the case where the in-mo!d decorating sheet has a pattern layer formed on the base sheet, 
it is more preferable that the in-mo!d decorating sheet exhibits a tensile str^gth at break of not less than 30 gf when a 
tensile test is carried out with a 10 mm wide test specimen of the in-mold decorating sheet fixed between a pair of 
chucks with an opposite end edge distance of 100 nun. by applying a load at a constant speed of 1 m/min to the test 
specimen at one end thereof under an amWent temperature condition of 40'»C, because there occur no ftiufts during the 
process of forming the pattern layer on the base sheet. 

[0065] Also, in the case where the in-mold decorated article is formed into a deep-drawn three<limensional shape 
It IS more preferable that the in-mold decorating sheet exhibits a tensile elongation at break of not less than 150% when 
a tensile test is carried out with a 10 mm wide test specimen of the in-mold decorating sheet fixed between a pair of 
chucks with a chuck-to-chuck distance of 100 mm. by applying a load at a constant speed of 3 mm/sec to the test spec- 
imen at one end thereof under an ambient tenperature condition of 1 lO^'C. because there occur no faults during the 
prcx;ess of forming the three-dimensional shape. 

[0066] Next, an in-mold decorating sheet and an in-mold decorated article using the in-mo!d decorating sheet, 
according to a fourth embodiment of the invention, are characterized in that the in-moW decorating sheet conprises at 
least a base sheet and a metallic color layer, and that when a 1 0 mm wide test specimen of the in-mold decorating sheet 
fixed between a pair of chucks with an opposite end edge distance of 10 mm is elongated up to 20 mm by applying a 
load at a constant speed of 10 mmAnin to one end of the test specimen under an ambient temperature condition of 
150'C. the in-mold decorating sheet exhibits a surfece specular gloss of not less than 75 at 60" reflection. 
[0067] That is, it was fbund that in a desire for an in-mold decorated article of deep drawing with a design of metallic 
luster, as a result of tiie test, the in-mold decorating sheet needs to have a characteristic that the surface specular gloss 
at 60» reflection is not less than 75 even when the 10 mm wide test specimen of the in-mold decorating sheet fixed 
between the pair of chucks with the opposrte end edge distance of 10 mm is elongated up to 20 mm by applying the 
load at the constant speed of 10 mm/min to the one end of the test specimen under the ambient temperature condition 
of 1 50»C, As described before, in a desire for an in-mdd decorated article of deep drawing with a design of metallic lus- 
ter, there is an issue that the pattern layer of the in-mold decorating sheet is largely stretched, causing craze (micro 
cracks) to occur so that the metallic luster is reduced, making the in-mold decorated article unusable. Therefore it was 
found that, in order to solve this issue, the metallic color layer of the in-mold decorating sheet needs to have such a 
specular gloss that the surface specular gloss at 60- reflection is not less than 75 even when the 10 mm wide test spec- 
imen of the in-mold decorating sheet fixed between the pair of chucks with the opposite end edge distance of 1 0 mm is 
elongated up to 20 mm by applying the load at the constant speed of 10 mnVmin to the one end of the test specimen 
under the ambient temperature condition of 150"C, 

[00681 The metallic color layer having such a characteristic is exemplified by a 50 - 800 A thick indium metal thin 
film, a 300 - 600 A thick tin metal thin film, a 1 .0 - 3.0 nm thick metal powder ink film, or the like. The metal powder ink 
IS preferably one composed of metal powder and resin binder, the metal powder being aluminum or other metal powder 
having such a particle size distribution tiiat particles having an oblateness of 100 - 250 and a particle diameter of 4 - 45 
^m occupy a content ratio of 99% or more. In particular, an indium metal thin fflm having a thickness of 100 - 600 A is 
good and capable of providing a metallic luster equivalent to that of metal plating, visually. 

[0069] The metal thin film may be formed by vacuum deposition process, sputtering process, ion plating process- 
ing, or the like. The metal powder ink film may be formed by printing process such as gravure printing or screen printing 
or coating process such as reverse coating or dip coating. In addition, these metal thin films and metal powder ink f Dni 
may be formed in lamination, or a metal thin film may be formed by mixing two or more kinds of metals 
[0070] For the manufacturing of the in-moW decorated articles according to the first to fourth embodiments of the 
invention, two kinds of methods are available. 

[0071] As a first method, the method comprises: setting a tfiree-dimensionally worked in-mold decorating sheet 
according to any one of the first to fourth embodiments into a mold; and after the mold clamped, simultaneously with 
forming a molded resin product, integrally bonding the in-mold decorating sheet to a surltee of the molded resin prod- 



[0072] As a second metiiod. the method comprises: setting an in-mold decorating sheet according to any one of 
the first to fourtii embodiments into a mold; tiiree-dimensionally working the in-moW decorating sheet in the mold- and 
after the mold clamped, simultaneously with fonning a moWed resin product, integrally bonding the in-mold decorkting 
sheet to a surface of the molded resin product. 

10073] N©ct. as for the detailed description of the in-mold decorating sheet and the in-mold decorated article 
first embodiment with reference to the accompanying drawings, the arrangement of the injection mold 
the memod for manufacturing the in-mold decorated article, appearances of the sheet and the in-mold decorated arti- 
cle and the like are utterly or generally the same as in the third embodiment, and so will be explained in detail along 
with the description of the third embodiment. ^ 
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[0074] Therefore, here are explained, in advance, an in-mold decorating sheet as well as an tn-mold decorated arti- 
cle according to the second embodiment are explained in more detail. 

[0075] The method for manufecturing an in-mold decorated article (insert-molded acrylic film) according to the sec- 
ond embodiment comprises: setting into an injection mold an in-mold decorating sheet (acrylic printing insert film in this 
case) in which a printing layer having at least a pattern layer has been formed on an acrylic film; after the mold clamped, 
injecting molten polypropylene molding resin into a cavity thereof; and integrally bonding a print-layer side of the acrylic 
printing insert film to the molded resin product of the set polypropylene molding resin, wherein a difference in shrinkage 
rate between the in-mold decorating sheet and the after-solidifying molding resin is 0/1000 - 8/1000. As a concrete 
example, polypropylene, when used as the molding resin, should be such that the difference in shrinkage rate between 
the in-mold decorating sheet and the after-solidifying molding resin Is 4/1000 - 12/1000. 

[0076] With reference to Rgs. 1A to 4. an acrylic printing insert film applicable to tWs manufacturing method is 
explained. In the figures, reference numeral 1 denotes a base sheet of an in-mold decorating sheet; 2 denotes a pattern 
layer on the base sheet 1 ; 3 denotes an adhesion layer on the pattern layer 2, 4 denotes an in-mold decorating sheet: 
5 denotes a movable moW of an injection mold; 6 denotes a stationary mold composing the injection mold in combina- 
tion with the movable mold 5; 7 denotes cavity forming surfaces of the movable mold 5 and the stationary mold 6; 8 
denotes a clamp member for fixing the in-mold decorating sheet 4 to the surface of the movable mold 5; 9 denotes a 
gate portion of the stationary mold 6; 10 denotes a molding resin to be injected into the cavity, such as polypropylene; 
1 1 denotes a molded resin product formed by the molding resin 10; 12 denotes a vacuum suction hole of the movable 
mold 25; and 13 denotes a cavity formed by the movable mold 5 and the stationary mold 6. 

[0077] The acrylic printing insert film 4 as an example of the in-mold decorating sheet 4 is. for exan^Ie. one in 
which, as shown in Fig. 1 A, a print layer having at least the pattern layer 2 is formed on an acrylic film 1 as an example 
of the base sheet 1 . The in-nrx>ld decorating sheet 4 may be another in wrhich, as shown in Fig. 1 B. an adhesion layer 
3 is further provided on the pattern layer 2 as another print layer. The print layer for forming the pattern layer 2 or the 
adhesion layer 3 may be formed by ordinary printing process such as offset printing, gravure printing, or screen printing, 
or coating process such as roll coating or spray coating. 

[0078] As the acrylic film 1 , 30 - 250 iwn thick ones are available. Further, another resin film such as a fluoric film 
may be laminated on the acrylic film 1 . 

[0079] The pattern layer 2 is a print layer formed by printing on the overall or a part of the surface of the acrylic film 
1 . This pattern layer 2 is used for expression of characters, graphics, syn^ols. or the like on the surface of the molded 
resin product 1 1 , expression of a colored surface, or other purposes. In addition, the expression of characters, graphics, 
symbols, or the like, expression of a colored surface, or other purposes may be achieved also by a metal vacuum- 
deposited layer formed by a vacuum-deposited layer. The pattern layer 2 Is constructed by at least one layer selected 
from a group consisting of a pigment/ink layer composed of pigment and resin binder, a glitter pigment layer conposed 
of pearl pigment and resin binder, and a dye/ink layer composed of dye and resin binder. 

[0080] The adhesion layer 3 is a print layer for improving the later-described adhesion with the polypropylene mold- 
ing resin 10, i.e.. with the molded resin product 11. The adhesion layer 3 may be formed of a polyvinyl chloride-vinyl 
acetate copolymer resin, acrylic resin, urethane resin, or the like. 

[0081] Heat resistance of the pattern layer 2 is improved by using chlorinated polypropylene-series resin, which is 
a modified polypropylene resin, as the resin component of a layer bringing into contact with the molding resin 10 out of 
the pattern layer 2 of the acrylic printing insert film 4. The heat resistance is further improved by increasing the degree 
of chlorination of the chlorinated polypropylene-series resin. Mso, when the acrylic printing insert film 4 is wound up. 
the phenomenon that the acrylic film 1 arxi the pattern layer 2 adhere to each other so as to be unlikely to separate off 
each other at normal temperature (i.e., a blocking phenomenon occurs) can be suppressed. 
[0082] The method for manufacturing this acrylic film insert-molded article is described. 

[0083] First, the acrylic printing insert film 4 as described above is set to the movable mold 5 of the Injection mold 
which is composed of the movable mold 5 and the stationary mold 6 as shown in Fig. 2A. 

[0084] A concrete example of the way of setting the acrylic printing insert film 4 into the movable mold 5 for molding 
process is as follows. An acrylic printing insert film 4 of long size is wound on a roll shaft into a roll form once, and this 
roll form sheet is placed on a top portion of the movable mold 5 of the injection mold integrally movably with the movable 
mold 5. While being paid out from the roll form winding, the acrylic printing insert film 4 is allowed to pass through the 
space between the shunted movable mold 5 and the stationary mold 6. by which the acrylic printing insert film 4 is set 
to the movable mold 5. In this case, after the use of the acrylic printing insert film 4. the acrylic printing insert film 4 may 
be wound up by the roil shaft of film winding means installed below the movable mold 5. As another exanple with the 
use of the acrylic printing insert film 4 in a leaf form, the acrylic printing insert film 4 may be set to the movable mold 5 
by a robot or human hand. In this case, after the acrylic printing Insert film 4 is set to the movable mold 5 and the posi- 
tion of the acrylic printing insert film 4 relative to the movable mold 5 Is determined, the acrylic priming insert fUm 4 may 
appropriately be pressed against the surface of the movable mold 5 with the frame-shaped clanp mender 8. 
[0085] Othenwise. before the acrylic printing insert film 4 is set to the movable mold 5. the acrylic printing insert film 
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4 may be worked into a three-dimensional shape by vacuum molding process with a mold other than the movable mold 

5 and punched into a desired shape. The desired shape is, for exanple, a ^ape coincident with the cavity forming sur- 
face 7 of an injection mold, for example, the movable mold 5, or other shapes. For three-dimensional working, there are 
vacuum molding method, pressure forming method, pressing and molding method in which heated rubber is pressed 
against an object, or press molding method. The vacuum molding method is a method in which the acrylic printing 
insert film 4 is heated to a temperature equal to or higher than the softening point to become softened, the space 
between the recessed portion of the vacuum forming mold and the acrylic printing insert film 4 is closed, and vacuum 
suction is carried out to cause the acrylic printing insert f Bm 4 to closely adhere to the Interior surface of the recessed 
portion of the vacuum forming mold, by which the acrylic printing insert film 4 is fonned into a three-dimensional shape 
conforming to the cavity form surface 7 of the movable mold 5. For punching to a desired shape, there are Thomson 
punching method and pressing method using a mold. As the punched configuration, there are lines extending along an 
outer periphery of the acrylic printing insert film having a given configuration, holes of a given shape, and the like. In 
three-dimensionally working, punching may be carried out simultaneously. 

[00861 Othenwise. after the acrylic printing insert film 4 is set to the movable mold 5. the acrylic printing insert f flm 

4 may be three-dimensionally worked so as to be shaped along the recessed portion of the movable mold 5 forming a 
part of the cavity 1 3 by vacuum molding with the use of tiie movable mold 5 as shown in Fig. 2B (see Fig. 8 of the third 
embodiment). A concrete example is a method in which the acrylic printing insert film 4 is heated to a temperature equal 
to or higher tiian the softening point to become softened by means of a heating plate or the like inserted between the 
movable mold 5 and the stationary mold 6, the space between the recessed portion of the movable mold 5 and the 
acrylic printing Insert film 4 is tightiy closed, and vacuum suction is carried out by evacuating the space through the vac- 
uum suction holes 12 to cause the acrylic printing insert film 4 to closely adhere to the Interior surface of the recessed 
portion of tiie movable mold 5. In ttnreeKllmensionally working, or in pressing and fixing the acrylic printing insert film 4 
witii the clamp member 8, an unnecessary portion of the acrylic printing insert film 4 may be punched out, 

[0087] Next, as shown in Fig. 3. after tfie movable mold 5 is moved toward the side of the stationary mold 6 and the 
two molds are clamped, the molding resin 1 0 in a molten state is injected into the cavity 13 defined by the movable mold 

5 and the stationary mold 6 through the gate portion 9 of the stationary molds, and then the acrylic printing insert film 
4 is integrally bonded on its pattern layer side to the molded resin product 1 1 of the set polypropylene molding resin 10. 
[00881 Thereafter, an unnecessary portion, for example an unbonded portion, of tiie acrylic printing insert film 4 
bonded to the molded resin product 1 1 may be removed as shown in Fig. 4. 

[0089] The injection mold is. for example, one which Is constructed by the stationary mold 6 having the gate portion 
9 for injecting ttie molding resin 10. the movable mold 5. and ttie like, and in which the stationary mold 6 and the mov- 
able mold 5. when damped, form a singularity or plurality of cavities 13 surrounded by the cavity forming surface 7 of 
the stationary mold 6 and ttie cavity forming surface 7 of the movable mold 5. The acrylic printing insert film 4 inserted 
in the injection mold partiy covers the cavity forming surfaces 7. The cavity 13 may be one which forms holes in the 
molded resin product 1 1 . The recessed portion forming tiie cavity 13 may be formed in eitiier tiie stationary mold 6 or 
the movable mold 5. The mold may have a clamp member 8 which presses and fixes the acrylic printing insert film 4 by 
the periphery of the recessed portion. In addition, in Figs. 2A to 3, the clamp member 8 is provided on the side of the 
movable mold 5. The damp member 8 may otherwise be provided in the stationary mold 6. 

[00901 As describ^l above, it is necessary ttiat the difference in shrinkage rate between ttie in-mold decorating 
sheet 4 and the after-solidifying molding resin 10 be 0/1000 - 8/1000. As a concrete example, the polypropylene mold- 
ing resin 10 has an after-solidifying shrinkage rate of 4/1000 (four tiiousandttis) - 12/1000 (twelve thousandtfis). 
[0(»1 1 The after-solidifying shrinkage rate in this case refers to a ratio of shrinkage of the molded resin product 1 1 
which occurs within 24 hours after the molded resin product 1 1 that has been formed by Injection of the polypropylene 
molding resin 1 0 and tiiereafter set thereof is removed from tiie injection mold. 

[0092] More specifically, tiie shrinkage rate is a ratio of shrinkage of tiie molded resin product 1 1 which occurs 
within 24 hours after the removal of ttie molded resin product 1 1 from the injection mold in the case where a test spec- 
imen prepared in compliance with JIS K 6911-1979. i.e.. a test specimen as shown in Figs. 30A and 308 (where ttie 
unit of numencal values in the figures is mm) is molded, the shrinkage rate being a value calculated by the following 
equation. That is, witti measurement of measurement lines (di , dg for front side and dg. d4 for rear side) perpendicularly 
to each other on outer diameters of ring-shaped zones protruding on ttie front and rear of the molded resin product 1 1 
in an elapse of 24 hours after ttie resin molding as well as measurement of outer diameters (from to of recesses 
of ttie mold (room temperature) corresponding to ttioso measurement lines, ttie shrinkage rate is a value calculated bv 
the following equation: ' 



Shrinkage rate (%) 
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[0093] The polypropylene molding resin 10 may be one mixed with a filler material and rubber-series resin. 
10094] The purpose of mixing the filler material into the polypropylene molding resin 10 is to reduce the shrinkage 
rate of the polypropylene molding resin 10 so that the difference in shrinkage rate between the polypropylene molding 
resin 10 and the acrylic printing insert film 4 is reduced, 

(0095] Examples of the filler material are talc, calcium carbonate, silica, mica, glass fiber, carbon fiber, and the like. 
As an example of mixing the filler material, there is a case where the talc of an amount of 10-ao weight percentage is 
mixed into 1 00 weight parts of polypropylene resin. In this case, the shrinkage rate of polypropylene resin, which would 
be 16/1000 without mixture of talc, lowers to about 8-12/1000. In addition, the higher the mixing ratio of the filler material 
into the polypropylene moWing resin 10 is. the lower the shrinkage rate of the polypropylene molding resin 10 becomes. 
The mixing ratio of the filler material into the polypropylene molding resin 10 is preferably not more than 40 wt%. If the 
mixing ratio exceeds 40 wt%, the adhesive force between the polypropylene molding resin 10 and the pattern layer 2 or 
the adhesion layer 3 becomes smaller, causing peel-off more often. 

[0096] The purpose of mixing the rubber-series resin into the polypropylene molding resin 10 is to increase the 
adhesive force between the pattern layer 2 or the adhesion layer 3 and the polypropylene molding resin 10 in the case 
where the restn component of the pattern layer 2 or the adhesion layer 3 bringing into contact with the polypropylene 
molding resin 10 is a chlorinated polypropylene-series resin obtained by modified polypropylene resin. In addition as 
compared with the polypropylene molding resin 10 without mixture of rubber-series resin, the polypropylene mokiing 
resin 1 0 mixed with rubber-series resin is relatively higher in capability of hoWing the flexibility of the moWed resin prod- 
uct 1 1 so as to become larger in adhesive fbrce with the acrylic printing insert film 4, thus effective. 
10097] Examples of the rubber-series resin include ethylene propylene rubber (EPM) comprising ethylenic resin 
and propylene resin, ethylene propylene diene rubber (EPDM) in which the EPM is bridged with diene. chlorosulfonated 
polyethylene (CSM). chlorinated polyethylene rubber (CM), isobutylene-isoprene rubber (IIR). ethylene-vinyl acetate 
copolymer resin (EVA), olefinic or styrenic thermoplastic elastomer resin fTPE). and the like. A concrete example of 
mixing the rubber-series resin is a case where the rubber-series resin of an amount of 0.5-50 wt% is mixed into 100 
weight part polypropylene resin. The rubber-series resin is exemplified by olefinic or styrenic thermoplastic elastomer 
and the like. 

[0098] Next, the in-mold decorating sheet and the in-mold decorated article according to the third embodiment are 
further descnbed in detail with reference to the accompanying drawings. It is noted that the arrangement of the injection 
mold, the method for manufacturing the in-mold decorated article, and appearances of the sheet and the in-moW dec- 
orated article in the first embodiment are utterly or generally the same as in the thirei embodiment, and the first embod- 
iment IS explained here in detail along with the description of ttie third embodiment. 

[0099] Fig. 6 is an enlarged sectional view showing the in-mold decorating sheet according to the third embodi- 
ment. It IS noted that an enlarged sectional view of ttie in-mold decorating sheet according to the third embodiment is 
the same as Fig. 6. Figs. 7 to 10 are sectional views each showing one process of the method for manufacturing an in- 
mold decorated article by using the in-mold decorating sheet according to the third embodiment. Fig 1 1 is a sectional 
view showing an in-mold decorated article obtained by using the in-moW decorating sheet according to the third embod- 
iment. Fig. 12 IS a perspective view of an in-mold decorated article made for Investigating the characteristics of the in- 
mold decoratng sheet according to the third embodiment. That is. Fig. 12 is a perspective view of an in-mold decorated 
article used in evaluating in-mold decorating sheets of various tensile strengths at break as to whether the in-mold dec- 
orating sheets are easy to trim in working into the in-mold decorated article having such a configuration as shown in 
Fig. 12, with a view to investigating the characteristics of the in-mold decorating sheet accoitiing to the third embodi- 
ment. More specifically, a later-described test as shown in Table 1 was carried out after an in-mold decorating sheet 21 
was bonded to the top tece of a generally rectangular parallelepiped-shaped molded resin product 31 simultaneously 
with the molding process as shown in Rgs. 31 A and 31B. Rg. 13 is a perspective view showing equipment for measur- 
ing tensile strength at break and tensile elongation at break of the in-mold decorating sheet. Rg. 1 4 is a plan view show- 
ing a porton for fixing the test specimen in the equipment for measuring tensile strength at break and tensile elongation 
at break. Fig. 1 5 is a sectional view showing the portion for fixing the test specimen in the equipment for measuring ten- 
sile strength at break and tensile elongation at break. It is noted that Rgs. 7 to 1 3 are the same as the individual proc- 
esses and in-mold decorated articles of the method for manufacturing the in-mold decorated article by using the in-nwld 
decorating sheet according to the first embodiment, and that Rgs. 14 to 15 are the same as the test equipment for the 
m-mold decoratng sheet according to the first embodiment. Therefore, the following description will be made about the 
third embodiment except the differences from the first embodiment. 

[01001 In the figures, reference numeral 21 denotes an in-mold decorating sheet: 22 denotes a base sheet of the 
in-mold decorating sheet 21 : 23 denotes a pattem layer on the base sheet 22; 24 denotes an adhesion layer on the pat- 
tern layer 23; 25 denotes a movable mold of an injection mold; 26 denotes a stationary mold composing the injection 
mold in combination with the movable mold 25; 27 denotes cavity forming surface of the movable mold 25 and the sta- 
tionary mold 26; 28 denotes a pair of upper and lower rod-like clamp members for fixing the in-mold decorating sheet 
21 to the surfece of ttie movable mold 25; 29 denotes a gate portion of the stationary mold 26; 30 denotes a molding 
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rean to be injected into the cavity: 31 denotes a molded resin product tormed Ijy the molding resin 30; 32 denotes a 
vacuum suction hole of the movalile mold 25; 33 denotes a cavity formed by the movable mold 25 and the stationary 
mold 26; 40 denotes a test specimen of the in-mold decorating sheet 21 ; 41 denotes a screw; 42 denotes a chuck; 43 
denotes a chuck; and 44 denotes a movable member. 

[01011 The in-mold decorating sheet 21 has such a tensile strength at break that when a tensile test is canied out 
with a 10 mm wide test specimen 40 of the in-mold decorating sheet 21 fixed between an upper-and-lower pair of 
chucks 42. 43 with a chuck-to-chuck distance of 100 mm. by applying a load at a constant speed of 5 mmfeec to the 
test specimen 40 at one end thereof under an ambient temperature condition of 25'C as shown in Figs 13 to 15 the 
test spedmen exhibits a tensile strength at break of 0.2 - 2 1^. 

[01 021 This constitution of the in-mold decorating sheet 21 makes it possible that the in-mold decorating sheet 21 
has such a strength as not to break during the processes carried out until the in-mold decorating sheet 21 is integrated 
with the molding resin 30. and moreover such a low strength as to be easy to trim after the integration. 
[0103] A tensile test method conforming to the Japanese Industrial Standards (JIS) K 7127-1989 is selected as a 
measunng method for verifying that the in-mold decorating sheet 21 itself, in terms of its mechanical characteristics 
has such a strength as not to break during the processes carried out until the in-mold decorating sheet 21 is Integrated 
with the molding resin 30. and moreover such a low strength as to be easy to trim after the integrafion. and it is consid- 
ered what ambient temperature and appropriate range should be set. The method of JIS K 7127-1989 is a tensile test 
method, con-esponding to the international standardization ISO-1 184-1983. In this case, the test involved is to examine 
mechanical characteristics of the in-mold decorating sheet itself by puUing both ends of the in-mold decorating sheet as 
shown in Rg^28. unlike peel strength. By pulling both ends of a test specimen as shown in Rg. 28. a curve showing the 
relationship between stress (load) and strain (elongation) as shown in Rg. 32 is obtained, by which a tensile strength 
at break and a tensile elongation at break are obtained. 

[0104] It is noted here that the ambient temperature refere to a temperature of the atmosphere in which the test 
speamen 40 is actually tested. The ambient temperature of 25'C is adopted because the temperature of the atmos- 
phere for the trimming wori< or other processes carried out until the in-mold decorating sheet 21 is fed into the mold is 
basically room temperature. 

[0105] Also, the speed of 5 mm/sec for pulling the test specimen 40 is set by adopting a speed at which a worker 
m actual operation pulls the in-mold decorating sheet 21 by hand work to do ti-imming because trimming by human hand 
mwlves pulling the in-mold decorating sheet 21 more strongly than in the case where a laser beam or punching die is 



I V „ specimen 40 is prepared by cutting the in-mold decorating sheet 21 into a 10 mm wide size 

which allov« the test specimen to lend itself to the tensile test in which the distance between a pair of chucks is 100 
mm. The 10 mm width of the test specimen 40 is adopted because the peel strength between the In-mold decorating 
sheet 21 and the molded resin product 31 is generally determined at the width of 10 mm. and because the peel strength 
test and the trimming are similar in work to each other. Further, the 100 mm chuck-to-chuck distance is adopted 
becaiKe such a large size of the in-moW decorating sheet 21 that the in-mold decorating sheet 21 is larger than the 
mowed resin product at an end portion of the molded resin product by about 100 mm is the most workable and practical 
for trimming by hand wori<. In addition, in Figs. 13 to 15. the upper-of-the-pair chuck 42 is fixed by the screw 41 with an 
upper end of the test specimen 40 pinched by the chuck 42. Also, ttie lower-of-the-pair chuck 43 is fixed by the saew 

41 with a lower end of the test specimen 40 pinched by the chuck 43. As shown in Rg. 13. the upper-of-the-pair chuck 

42 IS fixed to the test equipment, while the lower-of-the^air chuck 43 Is lowered at a speed of 5 mmfeec downward S 
the movable member 44 to exert a tensile force on the test specimen 40. 

[01 07] The tensile strength at break in flnis case refers to a tensile strengtti at break, i.e. a streiwth at which the test 

speamen 40 breaks, which is obtained when a tensile test is carried out with a 10 mm ;ide t^^ 

mold decorating sheet 21 fixed between a pair of chucks with a chuck-to^huck distance of 100 mm. b^tpSng a lo^l 

o 25^Tol^«^^* *f ^""^ ""^^^ °" temperature condition 

.rl«m «o STmhI decorating sheet 21 breaks before reaching tiie peel strength value of the first embod- 

iment sottiat there occure neither fault in trimming work nor peeling of tiie in-mold decorating sheet 21 from the mold«i 
resin product 31 during the trimming work, the tensile strength at break must be within a range of 0.2 If t?S te^ 

sile strength at break is less than 0.2 kgf, ttie possibility that «ie in-mold decorating sheet 2? may be da^ed dun?," 
the processes until the in-mold decorating sheet 21 is fed to the mold becomes higher. Also, if fte tensJ^ltrenS 

sheet 21 that has bonded to the molded resin product 31 may be peeled off 

=n^^l*K """"T 21 has at least a pattern layer 23 formed on the base sheet 22 as shown 

L lh „Tn H T ^ ^ '° ^^"^ ^ °' 30 9* °' a t««ae test is carri^ 

ZT^Vn^ Z K^'T^'Tl" ^ Sheet 22 fixed betweena pair of chucks with a chuck-to-chuck cfi" 

tanceof 1 00 mm. by applying a load at a constant speed of 1 m/min to the test specimen 40 at one end thereof under 
an ambient temperature condition of 40»C. With this constitution, the base sheet 22 before the in-mold decorating sheet 
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21 is manufactured is enabled to have such a strength as to form the pattern layer 23. 

[0109] As the base sheet 22. usable are thermoplasfc resin sheets composed of acrylic resin, vinyl chloride resin, 
light-fast olefinic resin, nylon resin, fluoric resin, polyethylene terephthalate resin, polyurethane resin, polycarbonate 
resin, ethylene vinyl alcohol resin, polystyrene resin, polybutylene terephthalate resin, or the (ike having durability and 

three-dimensional working suitability. 

[01 1 0] The thickness of the base sheet 22 is preferably 30 - 800 jim. If the thickness is less than 30 |im. the base 
sheet 22 becomes more liable to wrinkle, making It difficult to print the pattern layer 32. If the thickness is more than 800 
^im. the base sheet 22 becomes hard to roll, resulting In deteriorated productivity. More preferably, the thickness of the 
base sheet 22 is 50 - 200 ]im. If the base sheet 22 is rather thin like this range of 50 - 200 jun. then the base sheet 22 
can be wound at a larger length per roll so that the production efficiency increases, 

[0111] The in-moW decorating sheet 21 may be provided with the pattern layer 23. The pattern layer 23 is provided 
on the base sheet 22. The pattern layer 23 is purposed to express characters, graphics, symbols, or the like on the sur- 
face of the molded resin product 31 . or express a colored surface. Also, the pattern layer 23 may be of a single color 
without patterns all over such as black and silver metallic color, or of a single color or multiple colors with a pattern such 
as wool gram pattern or stone grain pattern. OthenArise. the pattern layer 23 may express an allover golden-color layer 
or a pattern layer by laminating the allover transparent yellow layer or the pattern layer and an allover silver metallic 
color layer or a pattern layer together. The pattern layer 23 comprises at least one layer selected from a group consist- 
mg of a pigment/ink layer composed of pigment and resin binder, a glitter pigment layer composed of peari pigment and 
resin binder, and a dye/ink layer composed of dye and resin binder. Such a pattern layer 23 may be formed by ordinary 
pnnting process such as offset printing, gravure priming, or screen printing, or coating process such as roll coating or 
spray coating. The thickness of the pattern layer 23 is preferably 0.1 - 20 urn. With an ordinary printing process the 
thickness falls within this range. 

[0112] Also, the pattern layer 23 may be composed of a metal thin film layer, or a combination of a metal thin film 
layer and a print layer. The metal thin film layer is formed by vacuum deposition process, sputtering process ion plating 
process, plating process, or the like. Depending on the metallic luster color that is desired, metals such as aluminum 
nickel, gold, platinum, chromium, iron, copper, tin. Indium, silver, titanium, lead, or zinc, or alloys or compounds of these 
metals are used. 

^V^V ^- embodiment or the third emljodiment. it Is also possible to provide an in-moW decoratina 

sheet which fumils decoration by the color of the base sheet 22 itself without providing ttie pattern l^er 23. as shown 

in rig. 29. 

[0114] In this case, the ambient temperature of 40»C is adopted because the pattern layer 23, after its formation 
needs to be passed through a drying oven of about 40 - 100'C for the purpose of drying by spattering the solvent con- 
tained in the ink. in which process the in-moU decorating sheet 21 is exposed to an atmosphere of at least 40'C which 
lowest value of temperature is adopted. «. "■••wi 

[01 1 5] The tensile strength at break in this case refers to a tensile strength at break, i.e. a strength at which the test 
?^T" I^J^^i'^''^ ^ obtained when a tensile test is can-ied out with a 10 mm wide test specimen 40 of the 
base 5he« 22 fixed between a pair of chucks with a chuck-to-chuck distance of 100 mm, by applying a load at a con- 
stant speed of 1 m/min to the test specimen 40 at one end thereof under an ambient temperature condition of 40«C 
The tensile strength at break is preferably not less than 30 gf. This is because in forming the pattern layer 23. appHed 
to the base sheet 22 is a tensile strength of at least 3 kgf or more, more specifkally. about 7 - 15 kgf for gravure priming 
machines, about 5 - 10 kgf for screen printing machines, about 3 - 10 kgf for roll coateis. about 3 - 12 kof fbr reverse 
corners, and the like. Normally, the width of the print sheet is 1000 ± 500 mm. and the load of 3 kgf fbr ttie 1000 mm 
wide sheet corresponds to a load of 30 gf applied fbr a width of 10 mm. 

rn^iS "If ^1** °' ^ ^ specimen 40 is pulled is based on the test speed of JIS K7127 

mln^ ^^^^ the ten^le strength at break Is 0.2 - 2 kgf when a tensile test is earned out with a test spec^ 

nL T« ?h.^ "T" "I ^"^^"^ '^'^^'^^^^ "^^^^ °» 25°C. and the setting that the tensile strengttT at break is 
nonea than 30gf when a tensile test is carried out with a test specimen 40 of the base sheet 22 by appMng a loal at 
a constant speed of 1 m/min to the test specimen 40 at one end thereof under an ambient temperatare ^4tiSn 2 
t« h« IZTT '^V 'I '"-"^'^ <'«<=°^««"8 sheet 21 h^ su«i aSSSas 

>K .K ^ ^ ''"""9 processes carried out until the in-moki decorating sheefTi telmSal^ 

vjn^Mhe molding re«,n 30, and the latter showing that the base Sheet 22 befb^^ 

ufactured has such a strength as to be able to form the pattern layer 23. In orter to satisfy these t^ properti^Ts 

(01 18] As the base sheet 22 having such a characteristic, available are an acrylic film having a thicknei of 50 - 200 
hl*f h"^ "' ^ ' ' ^ P°'y«*°"««« having a thickness of 30 - 150 jun JeferaS^ 3?- M thiS) 

both of which are capable of being affected by the organic solvent contained in the print ink constituting ttie pattern layer 
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23, a polyvinyl alcohol film having a thi<*ness of 50 - 800 jim (preferably, 80 - 300 \wn thick) capable of being affected 
by water or alcohol, and the like. 

[0119] Also, the rn-mold decorating sheet 21 may be one which exhibits a tensile elongation at break of not less 
than 1 50% when a tensile test Is candied out with a 10 mm wide test specimen 40 of the in-mold decorating sheet 21 
fixed between a pair of chucks with a chuck-to-chuck distance of 100 mm, by applying a load at a constant speed of 3 
mm/sec to the test specimen 40 at one end thereof under an ambient temperature condition of 1 10'C. With this consti- 
tution of the in-mold decorating sheet 21. the In-mold decorating sheet 21 is enabled to have such an elongation as to 
be workable into a desired configuration. 

[0120] The setting of the ambient temperature of 1 1 0'C is due to the fact that vacuum molding is generally used for 
three-dimensional working, in which case the in-mold decorating sheet 21 is heated to 1 1 0 - 200*C for molding the low- 
est value 1 10'C of which is adopted. The lower the temperature at which the molding Is done is. the less the in-moW 
decorating sheet 21 is adversely affected. 

[0121] Also, the setting of the speed of 3 mm/sec at which the test specimen 40 is pulled is due to the fact that the 
vacuum molding is generally used for threeKJimensional working, the lowest speed at wWch the sheet is elongated dur- 
ing the process is measured and adopted. 

[0122] The tensile elongation at break in this case refers to an elongation at break, i.e. an elongation at which the 
test specimen 40 breaks, which is obtained when a tensile test is camed out with a 1 0 mm wide test spedmen 40 of the 
in-mold decorating sheet 21 fixed between a pair of chucks with a chuck-to-chuck distance of 100 mm. by applying a 
load at a constant speed of 3 mm/sec to the test specimen 40 at one end thereof under an ambient temperature condi- 
tion of 1 10'C. The tensile elongation at break is preferably not less than 150%. If the tensile elongation at break is less 
than 150%. the in-moId decorating sheet 21 cannot be worked into a configuration of the in-mold decorated article as 
shown in Fig. 12. Since such a configuration is by no means a special configuration of deep drawing, the incapability of 
such a level of working would cause the in-mold decorating sheet 21 to be extremely narrow in application ranae of 
products. 

[01 23] Evaluation results on trimming easiness of various types of base sheets 22 under the above-mentioned Indi- 
vidual conditions are shown in Table 1. Symbols In evaluation results denote excellent by ® . good by O fair bv a 
and poor by X. respectively: ' w • / . 



Table 1 



Type of base 
sheet 


Thickness of 
base sheet 
(mm) 


Tensile strength at break (1^ 


Tensile elon- 
gation at break 
(%) 


Behavior in 
trimming 


Evaluation 
result 






Base sheet 
alone 


In-mold deco- 
rating sheet 








Acrylic film 


0.050 


0.8 


0.3 


180 


Good 


® 




0.075 


0.16 


0.6 


190 


Good 


© 




0.100 


0.21 


0.8 


195 


Good 


@ 




0.125 


0.225 


1.1 


200 


Good 


o 




0.150 


0.25 


1.2 


210 


Good 


o 




0.175 


0.31 


1.6 


210 


Good 


o 




0.200 


0.37 


1.9 


220 


Good 


A 




0.250 


0.44 


2.2 


225 


Hard to trim 


X 




0.300 


0.52 


2.9 


225 


Hard to trim 


X 




0.400 


0.71 


45 


230 


Hard to trim 


X 
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Table 1 (continued) 



10 



IS 



20 



25 



Type of base 
sheet 


1 nicisness ot 
base sheet 
(mm) 


Tensile strength at break (kgf) 


Tensile elon- 
gation at break 
C%) 


Behavior in 
trimming 


Evaluation 
result 






Base sheet 
alone 


In-mold deco- 
rating sheet 








Polycar- 
bonate 


0.03 


u.oo 


0.4 


160 


Good 


@ 


0.05 


u.y / 


0.7 


165 


Good 


© 


0.08 




1.0 


165 


Good 


® 


0.1 


1.3 


1.8 


165 


Good 


o 


0.15 


1.4 


2.0 


165 


Good 




0.18 


1.4 


2.7 


165 


Hard to trim 


X 


0.25 


1.4 


3.3 


165 


Hard to trim 


X 


Polyvinyl 
alcohol 


0.03 


0.77 


0.18 


145 


Break during 
printing 


X 


0.05 


1.1 


0.20 


150 


Good 


o 


0.08 


1.3 


0.22 


155 


Good 


® 


0.15 


1.8 


0.23 


155 


Good 


@ 




0.3 


3.5 


0.58 


160 


Good 


@ 




0.8 


10 


1.8 


180 


Good 






1.0 


13 


2.1 


185 


Hard to trim 


X 



30 



35 



40 



45 



SO 



(0124J Meanwhile, in the in-mold decorating sheet according to the first embodiment, it Is necessary tor the in-mold 
decoratng sheet to be in strong adhesion with the molding resin, and a peel strength test was carried out as to what 
adhesive force is necessary. That is. a non-adhesion layer 820 which does not adhere to a molding resin molding plate 
831 IS previously formed in a portion of an in-mold decorating sheet 821 as shown in Figs. 33A and 33B and ttie in- 
mold decorating sheet 821 to be worked fbr in-mold decoration is folded 180« so as not to be damaged ks shown in 

^ft« ■ ^ V ^^^^ '^''^ °^ P""'"9 ends (the molding resin molding 

plate 831 and the in-mold decorat»ig sheet 821) toward the directions of arrows. In a test spedmen of the in-mold dec 
orating sheet, parallel two slits 821a which reach the molding resin plate are fonned at a 1 inch spadng with a sharp 
edge, and amaximum load necessary to peel off the in-mold decorating sheet 821 from the molding resin surface is 
rneasured^The measurement value is divided by the parallel-line spacing (i inch), and the division result is taken as 
the peel strength. As a result of this, if a peel strength value of at least not less than 1 kgf/inch width results when an 
unnecessary portion of the in-mold decorating sheet is peeled off from an interlace with the molding resia i e from the 
surface of the molding-resin molded article in compliance with conditions of JIS K K6744-1992 or ASTM D903 there 
ZTmTn^' of trimming work nor peeling of the in-moW decorating sheet from the molded resin product during 
the tnmming process. Consequently, it was found that a strength of less than 1 kgf/inch width would cause the yVeW rate 

ematc (see Tables 2 to 5). However, if the in-mold decorating sheet breaks before reaching this peel strenSh ,SlSe 
there occurs no lowenng of the yield rate so that the productivity is no problem (see Tables 2 to 5). 
[0125] Here are shown relationships between the adhesion (peel strength) of in-moW decoratina shnais fn «»> 
molding resin and the yield rate of products in Tables 2 to 5 below: ^ ^> decorating sheets to the 



Table 2 



55 



th^ moTding^S^n^'"^"' '^'"^^ ^ *® '"'"^ decorating sheet and polypropylene is used 



as 



Sample No. 



Product yield (%) | Peel sfrength (kg(/inch) | Adhesive resin for in-mold decoratinjihiit 
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Table 2 (continued) 



When a 125 M^m acrylic printing fitm Is used as the in-mold decorating sheet and polypropylene is used as 

the molding resin 



1 


4 




Vinyl chloride / chlorinated polypropylene 


2 


25 


0.53 


Vinvl chtoririA / chlnrinateH r>ntunmn\Han a 
viji/i Mii\/iiu9r wiiiuiii loicu fjuiypropyicrio 


3 


31 


0.72 


Chlorinated polypropylene 


4 


70 


0.98 


Chlorinated polypropylene 


5 


88 


1.18 


Chlorinated polypropylene 


6 


94 


1.35 


Chlorinated polypropylene 


7 


94 


1.49 


Chlorinated polypropylene 


8 


87 


0.48 (Break halfway) 


Vinyl chloride /chlorinated polypropylene 


9 


85 


0.32 (Break halfway) 


Vinyl chloride / chlorinated polypropylene 


10 


85 


0.42 (Break halfway) 


Chlorinated polypropylene 


11 


83 


0.44 (Break halfway) 


Chlorinated polypropylene 



Table 3 



When an 80 fim polycarbonate printing film Is used as the in-mold decorating sheet and 
polycarbonate is used as the molding resin 


Sample No. 


Product yield (%) 


Peel strength (l^/inch) 


Adhesive resin for in- 
mold decorating sheet 


1 


44 


0.72 


Vinyl chloride 


2 


60 


0.88 


Vinyl chloride 


3 


77 


0.92 


Vinyl chloride 


4 


92 


1.11 


Vinyl chloride 


5 


94 


1.69 


Vinyl chloride 


6 


86 


0.68 (Break halfway) 


Vinyl chloride 


7 


80 


0.52 (Break halfway) 


Vinyl chloride 



Table 4 



When a 200 fim acrylic printing film is used as the in-mold decorating sheet and acryloni- 
trile butadiene-styrene resin is used as the molding resin 


Sample No. 


Product yield (%) 


Peel strength (kgf/inch) 


Adhesive resin for in- 
mold decorating sheet 


1 


26 


0.72 


Vinyl chloride 


2 


61 


0.88 


Vinyl chloride 


3 


80 


0.92 


Vinyl chloride 


4 


94 


1.25 


Vinyl chlorkfe 


5 


94 


1.49 


Vinyl chloride 



16 



EP 0 995 571 A1 

Table 4 (continued) 



When a 200 nm acrylic printing film is used as the in-mold dect^ting sheet and acryloni- 
trile butadiene-styrene resin is used as the molding resin 


6 


96 


0.88 (Break halfway) 


Vinyl chloride 


7 


88 


0.62 (Break halfway) 


Vinyl chloride 



Tables 



When a 300 jim polyvinyl alcohol film is used as the in-mold decorating sheet and poly- 
lactic acid is used as the molding resin 


Sample No. 


Product yield (%) 


Peel strength (kgf/inch) 


Adhesive resin for in- 
mokj decorating sheet 


1 


70 


0.78 


Acrylic 


2 


78 


0.88 


Acrylic 


3 


86 


1.02 


Acrylic 


4 


94 


1.29 


Acrylic 


5 


96 


0.68 (Break halfway) 


Acrylic 


6 


94 


0.42 (Break halfway) 


Acrylic 



10126] Next, the method for manufacturing the in«mold decorating article is described. 

[0127] First, as shown in Fig. 7. the in-mold painting sheet 21 Is set onto the surface of the movable mold 25 which 
IS an injection mold, and fixed by an upper-and-lower pair of rod-like clamp members 28 or the like. The injection mold 
may be, for example, the injection mold as shown in Fig. 2A as described before. 

10128] A concrete exairple of the way of setting the in-mold decorating sheet 21 in the case of an injection mold is 
as follows. An in-mold decorating sheet 21 of long size is wound on a roll shaft into a roll form once, and this roll form 
sheet IS placed on a top portion of the movable mold 25 integrally movably with the movable mold 25 While being paid 
out from the roll form winding, the in-mold decorating sheet 21 is allowed to pass through the space between the 
shunted movable mold 25 and the stationary mold 26, by which the in-mold decorating sheet 21 is set to the movable 
mold 25. In this case, after the use of the in-mold decorating sheet 21 . the in-mold decorating sheet 21 may be wound 
up by the roll shaft of film winding means installed below the movable mold 25 for molding process integrally movably 
with the movable mold 25. As another example in the case of injection mold, with the use of the in-mold decorating 
sheet 21 in a leaf form, the in-mold decorating sheet 21 may be set to ttie movable mold 5 by a robot or human hand 
In this case, for the setting of the in-mold decorating sheet 21 to the surface of the movable mold 25, after the in-mold 
decorating sheet 21 is set to the surface of the movable mold 25. the position of the in-mold decorating sheet 21 relative 
to the surface of the movable mold 25 is determined by a positioning sensor or the like, where tiie in-mold decorating 
fivfom "^^PP^°P^'ately be pressed against the surface of the movable injection mold 25 with tfie clamp member 28 
[0129] Then, as shown in Fig. 8. after the in-mold decorating sheet 21 is fixed to ttie movable mold 25 of tiie injec- 
tion mold, the in-mold decorating sheet 21 is worked into a ttiree-dimensfonal shape. 

[0130] As a concrete example of the method for working into the three^Jimensional shape is as follows In the case 
of an iniection mold, the in-mold decorating sheet 21 fixed onto tiie surface of the movable mold 25 is heated to a tem- 
perature equal to or higher than the softening point to become softened by means of a heating plate or the like Inserted 
between the movable mold 25 and the stationary mold 26. tiie space between the recessed portion of the movable mold 
25 for the injection molding and the in-mold decorating sheet 21 is closed, and vacuum suction is can-led out by evac- 
uating the space ttirough tine plural vacuum suction holes 32 to cause the in-mold decorating sheet 21 to closely adhere 
to the interior surface (cavity forming surface 27) of the recessed portion of the movable mold 25 for tiie injection mold- 
ing. In three<Jimensionally working, or in pressing and fixing the In-moW decorating sheet 21 with the clamp member 
28. an unnecessary portion of the in-mold decorating sheet 21 n^y be punched out. 

'u^!IL Altei^^a^^ely, before the in-mold decorating sheet 21 is set on tiie movable mold 25. tfie in-mold decoratina 
she^ 21 may be previously tfiree-dimensionally worked into a desired shape by using a separate tfiree<limensional 
working moW different from the movable mold 25 and the stationary mold 26 for injection molding. As the method for 
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previously three-dimensional working the rn-moW decorating sheet 21. there are vacuum molding method, pressure 
forming method, pressing and molding method in which heated aibber is pressed against an object, press molding 
method, and the like. Vacuum molding method is such that the in-mold decorating sheet 21 is heated to a temperature 
equal to or higher than the softening point, to become softened, the space between the recessed portion of the vacuum 
forming mold and the In-mold decorating sheet 21 is tightly closed and vacuum suction is carried out to cause the in- 
mold decorating sheet 21 to closely adhere to the interior surface of the recessed portion of the vacuum forming mold 
whereby the in-mold decorating sheet 2 1 is formed into a three-dimensional shape conforming to the cavity forming sur- 
face 27 Of the mold for molding process, 

[0132] Next, as shown in Fig. 9. the movable mold 25 is moved to the stationary mold 26 and the two molds are 
clamped together. Then, the molding resin 30 in molten state is injected into the mold, and the injected molding resin 
30 IS cooled and solidified so that a molded resin product 31 is formed, and simultaneously therewith the in-mold dec- 
orating sheet 21 is integrally bonded to the surface of the molded resin product 31 , 

10133] More spedficaily, with the use of an injection mold, as shown in Fig. 9. the molding resin 30 is injected into 
the mold, the molding resin 30 Is filled in the mold and the molding resin 30 is formed Into a desired shape Then the 
molding resin 30 is solidified so that the molded resin product 31 is formed, and simultaneously therewith the t>ase 
sheet-22-side of the in-mold decorating sheet 21 is integrally bonded to the molded resin product 31 . 
[0134] Thereafter, after the molded resin product 31 is removed from the mold as shown In Rg. 10. an unnecessary 
portion, for example, an unbonded portion of the in-mold decorating sheet 21 bonded to the molded resin product 31 is 
removed by trimming as shown in Fig. 1 1 , 

[0135] The molding resin 30 is not particularly limited. Examples of the molding resin 30 are talc-containing poly- 
propylene resin, modified polypropylene resin, (heat-resistant) acrylonitrile butadiene styrene resin, polycarbonate 
resin, acrylic resin, polyethylene resin, ethylene-vlnyl acetate resin, polybutyleneterephthalate resin, polyester resin or 
alloys of these resins. 

[0136] Next, the in-mold decorating sheet and the in-mold decorated article according to the fourth embodiment are 
further described in detail with reference to the accompanying drawings. 

[0137] Rg. 16 is a sectional view showing an embodiment of the in-mold decorating sheet according to the fourth 
embodiment. Figs. 17 to 19 are sectional views each showing one of the processes of the method for manufacturing 
the in-mold decorated article according to the fourth embodiment. Fig. 20 is a sectional view showing an In-mold dec- 
orated article obtained by the method for manufacturing the in-mold decorated article according to the fourth embodi- 
ment. Rg. 21 IS a sectional view showing a three-dimensionally worked in-mokJ decorating sheet to be used in the 
method for manufacturing the in-mold decorated article according to the fourth embodiment different from the method 
by the processes of Figs. 1 7 to 1 9. Figs. 22 to 23 are sectional views each showving one of the processes of the method 
for manufacturing the in-mold decorated article according to the fourth embodiment, subsequent to the process of Rg 
21 . Rg. 24 IS a plan view showing a deep^irawn molded resin product shape for evaluation of three<limensional mold- 
ing. Rg. 25 IS a sectional view showing the deep-drawn molded resin product shape for the evaluation of three-dimen- 
sional mowing. Rg. 26 Is a perspective view showing equipment for applying a load to the test specimen of the in-mold 
decorating sheet according to the fourth embodiment. Fig. 27 is a plan view showing a portion for fixing the test speci- 
men in the equipment for applying a load to the test specimen of the in-mold decorating sheet according to the fourth 
embodiment. Fig. 28 is a sectional view showing the portion for fixing the test specimen in the equipment for applying 
a load to the test specimen of the in-mold decorating sheet according to the fourth embodiment. In the figures refer- 
ence numeral 51 denotes an in-mold decorating sheet; 52 denotes a base sheet of the In-mold decorating sheet 51 • 53 
denotes a metallic color layer formed on the base sheet 52; 54 denotes an adhesion layer formed on the metallic color 
layer; 55 denotes a movable mold of an injection mold; 56 denotes a stationary mold composing the injection mold in 
combination with the movable mold 55; 57 denotes a cavity forming surface of a cavity defined by the movable mold 55 
and the stationary mold 56; 58 denotes a clamp member for clamping the in-mold decorating sheet 51 to the surface of 
the movable mdd 55; 59 denotes a gate portfon of the stationary mold 56; 60 denotes a molding resin to be injected 
into the cavity; 61 denotes a molded resin product formed by the molding resin 60; 62 denotes a vacuum suction hole 
Of the movable mold 55; 63 denotes a cavity formed by the movable mold 55 and the stationary mold 56- 64 a harcl coat 

JH^^ T ^ ^"^""^ °" °PP°s«® *o «h® s'de on which the metallic color layer 53 Is 

provided; 70 denotes a test specimen of the in-mold decorating sheet 51 ; 71 denotes a screw; 72 denotes a chuck* 73 
denotes a chuck; and 74 denotes a movable member. "«i«ibs a cnucK. 

^^o^L^ The in-mold decorating sheet 51 is an in-mold decorating sheet 51 which comprises at least the base sheet 
52 and the metallic cotor layer 53. and which is set into the injection mold and then Integrally bonded to the surfece of 
the molding r^.n 60. wherein when a 1 0 mm wide test specimen 70 of the in-mold decorating sheet 51 fixed between 
a f^ir of chucks 72 73 with a chuck opposite end edge distance of 1 0 mm Is elongated up to 20 mm by applying a load 
at a constant speed of 1 0 mm/min to one end of the test specimen 70 under an ambient temperature condition <rf 1 50»C 
as shown in Figs. 26-28, the In-mokJ decorating sheet 51 exhibits a surface specular gloss of not less than 75 at 60" 
reflection in compliance with the Japanese Industrial Standards (JIS) Z 8741 (ASTM D523-62T) (see Fig 16) More 
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specrically. measuremait is made with a specular gloss meter 843 as shown in Fig. 34. A specimen 844 is irradiated 
with light from a light source 840 at a prescribed angle e, and the intensity of light resulting when reflected light and inci- 
dent light are received by a photodetector 842 at an angle equal is expressed by a value on the basis that the specular 
gloss of a glass surface having a refractive index of 1.567 is taken as 100 with the specular gloss meter 843. In this 
case, the measurement was done virith a value of e of 60°. 

[01 39] The Inventor manufactured various metallic color layers 53 instead of the chromium vacuumKj^josited coat- 
ing. In order to select an in-mold decorating sheet 51 good at elongation and applicable to deep-drawn three-dimen- 
sional molded resin products from among those metallic color layers, the inventor examined the insert molding 
evaluation as to whether a successful deepnJrawn metalUc luster molded resin product can be obtained, as well as tfie 
performance of the in-moW decorating sheets 51 , and considered the correlation between the evaluation and the oer- 
formance. 

10140J The constitution of the in-moW decorating sheet 51 for the evaluation test was as follows. That is a 2 um 
thick anchor layer made of urethane resin Ink was formed on a 125 iim thick base sheet 52 made of acrylic f ilrn by gra- 
vure printing method, and then metallic color layers 53 of various thicknesses made of various materials were tormed 
by vacuum deposition process or screen printing process, and then a 2 um thick adhesion layer 54 made of vinyl chlo- 
ride-vinyl acetate copolymer resin ink was formed by gravure printing method. 

[0141] As the method for investigating the performance of the in-mold decorating sheet 51, the In-mold decorating 
sheet 51 in heated state was elongated with a load applied thereto, so that the metalGc color layers 53 were subjected 
to stresses, where the metallic color layers 53 were examined how the specular gloss of the metallic color layers 53 
changed (see Rgs. 26 to 28). As the conditions lor elongation, a 1 0 mm wide test specimen 70 of the in-mold decorating 
sheet 51 fixed between a pair of chucks 72. 73 with a chuck opposfte end edge distance of 10 mm was elongated up to 
20 mm by applying a load at a constant speed of 10 mm/min to one end of the test specimen 70 under an ambient tem- 
perature condition of ISO'C. In addition, in Rgs. 26 to 28. the upper-of-the-pair chuck 72 is fixed by the screw 71 with 
an upper end of the test specimen 70 pinched by the chuck 72. Also, the lower-of-the-pair chuck 73 is fixed by the screw 

71 with a lower end of the test specimen 70 pinched by the chuck 73. As shown in Rg. 26. the upper-of-theiJair chuck 

72 IS fixed to the test equipment, while the lower-of-the-pair chuck 73 is lowered at a speed of 10 mmAnin downward bv 
the movable member 74 to exert a tensile force on the test specimen 70. 

[0142] It Is noted here that the ambient temperature refers to a temperature of the atmosphere in which the test 
specimen 70 is actually tested. In order that the test specimen 70 is elongated from 10 mm to 20 mm, it is necessary 
to set the ambient temperature to a temperature that allows a film having the Nghest softening point to be elongated 
''^♦^^"S as the ambient temperature a temperature of 150-C. which is the softening point of polycartx)nate 
ilm that has the highest softening point among the various types of f Hms that can be used as the base sheet 52 various 
types of test specimens 70 can be easily elongated from 10 mm to 20 mm. 

^V^^ «. 7^ *^ specimen 70 is prepared by cutting the in-mold decorating sheet into a 10 mm wide size which 

rhl^^ ^ ^'Ti" ^ *^ ""^^ *^ ^P^^'-^e" « P'"<=hed between the pair of 

f„ ^J^" ^ chu* opposite end edge distance of 10 mm. The size of the test spedmen 70 was adopted due 
to the foOowmg reasons. That is, when the test specimen 70 is subjected to an ambient temperature of 150'C the te^ 
hC!h!!r„ ^°T® ^* "° depending on the type of the base sheet 52. This can be prevented 

by shortening the opposite end edge distance of thechucks. There is another problem that the test specimen 70 If laroe 

'rJ!!Tr'.^.J^^t^ '"^ ^ *° ^ ^ °' <^"«*s. results in ^ Insuf- 

ficient repMtabilrty of measurement data (surface specular gloss), tt was investigated through trials and errors thaia 

the ™,lrr' °' "'^ 70 «PP™PriHte in o«ier that the test specimen 70 is UeeTj^nXt 

Son measurement data » ensured, and that the surface specular gloss can be measured after the elon- 

jrht* Li J^«L!S"^l"l ^ 70, too fast a speed of elongation would cause the test spedmen 70 

to be partly stressed so that measurement data would be liable not to vary greatly Therefore the test soecimen 70 Is 
preferably elongated as slow as the measuring equipment permits, where it was investigmed th^^ug^tSSTs ^5 J^^ 
that a constant speed of 10 mm/min for elongation is appropriate ""ougn mais ana errors 

^® .""♦'auration of deep-drawn molded resin products for evaluation of in-moW decoration was 40 mm 
S^Tgs. "T^Ii.""' ' ' """^ *^ '^^^'^ '''^■^^ 
[0146] Results of evaluation are as shown In Table 6 below: 
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Table 6 
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Metallic color 
layer 


Film thickness 
ftim) 


Elongation test 


Result 


Evaluation 








Specular gloss 
before test 


Speculer gloss 
after test 






10 


Indium metal thin 
fnm 


0.005 


88 


86 


Transparent in 
places 


O 






0.01 


98 


94 


Good all over 


® 






0.03 


99 


95 


Good all over 


® 


IS 




0.06 


92 


89 


Good all over 


@ 






0.08 


80 


74 


Discoloration 


A 




Aluminum metal 
thin film 


0.005 


79 


61 


Micro cracks all 
over 


A 


20 




0.01 


89 


62 


Micro cracks all 
over 








0.03 


92 


70 


Micro cracks all 
over 




25 




0.06 


94 


50 


Cracks ail over 


X 






0.08 


96 


45 


Cracks €U1 over 


X 




Tin metal thin 
film 


0.01 


69 


67 


Cracks all over 


A 


30 


0.03 


79 


75 


CrAcks at nnlv 
wiciM\o %xi %j§ iiy 

periphery of pro- 
jection 








0.06 


78 


75 


Cracks at only 
peripnery oi pro- 


O 


35 










jection 






Aluminum metal 
powder ink film 


1.0 


89 


82 


Cracks at only 
periphery of pro- 
jection 


o 


40 




3.0 


92 


85 


Cracks at only 
periphery of pro- 
jection 








5.0 


84 


28 


Cracks all over 


X 


45 




8.0 


77 


21 


Cracks all over 


X 




Chromium metal 
thin film (Com- - 


0.005 


72 


55 


Cracks all over 


X 




parative Exam- 


0.01 


89 


65 


Cracks all over 


A 




ple) 


0.03 


90 


59 


Cracks all over 


X 


SO 




0.06 


94 


28 


Cracks all over 


X 






0.08 


99 


25 


Cracks all over 


X 



55 



[0147^ As a result of the evaluation test, as to in-moW decorating sheets having a chaiacteristic thai the surface 
specular gloss at 60' reflection according to the Japanese Industrial Standards (JIS) 2 8741 was not less than 75 as a 
surface specular gloss after the elongation test, decorated articles of deep<lrawn three^mensional molded resin prod- 
ucts having metallic luster in appearance were able to be obtained. Among these, a 100 - 600 A thick indium metal thin 
film was particularly good, visually showing a metalHc luster equivalent to that of metallic plating. In-mold decorating 
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sheets having a surface specular gloss of less than 75 yielded occurrences of nticro cra<*s, thus being other than 
metallically tustrous. 

[0148] As the in-mold decorating sheet 51 , a transfer material and an insert material are usable, 

[0149] The insert material Is such that a metallic color layer 53 or the like Is formed on the base sheet 52. 

[01 50] As the base sheet 52, usable are fluoric film, polyethylene terephthalate film, acrylic film, polypropylene film, 

thermoplastic elastomer film, polycarbonate film, polyamide film, acrylonrtrlle-butadiene-styrene film, acrylonitrile-sty- 

rene film, polystyrene film, polyurethane film, or the like, or complexes of these sheets, which are ones used as base 

sheets for ordinary insert materials. In particular, the base sheet 52 is preferably a noncrystalline polyester film, acrylic 

film, polycarbonate film, or the like each of which is superior in transparency and deep-drawable. 

10151] Further, when the insert material is used for exterior automotive trims, an acrylic fflm having the hard coat 

layer 64 formed on the top surface Is preferably used as the base sheet 52 (see Fig. 16), The acrylic film is suitable 

because of the demand for high weather resistance which is required for exterior automotive trims, and the hard coat 

layer 64 is suitable because of higher wear resistance and mamng resistance. 

[0152] As the acrylic film, available are polymethyl methacrylate. polymethyl acrylate. or materials in which deriva- 
tives of these compounds are used as primary components and mixed with acrylic rubber or the like. Rims in which an 
acrylic film is laminated with other films are also contained in the above acrylic film. 

[01 53] As the hard coat layer 64. preferably used are ultraviolet curable resin, electron-beam curable resin, thermo- 
set resin and the like. In the case of a deep-drawn shape, because of the possibility that the hard coat layer 64 may 
fracture, giving rise to cracks, during the in-mold decorating process, suitable materials are those which have flexibility 
during the in-mold decorating process, and which are acceleratedly cured by ultravfolet rays, electron beams or heat so 
as to be higher in hardness after the In-mold decorating process. Resins having such properties are exemplified by var- 
ious acrylate resins such as urethane acrylate resin or cyanoacrylate resin, various methacrylate resins such as poly- 
ester methacrylate resin, or polythiol compound resin. As the method for forming the hard coat layer 64. available are 
pnnting method such as gravure printing or screen printing, and coating method such as reverse coating or dip coating 
The thickness of the hard coat layer 64 is preferably within a range of 0.1 - 50 ^m. Thicknesses thinner than 0.1 \in\ of 
the hard coat layer 64 would cause the properties (marring resistance, wear resistance) to be almost similar to those in 
the case where the hard coat layer is absent, undesirably, while thicknesses beyond 50 jmi would not find any general- 
purpose coating method. 

[01 54] The metallic color layer 53 is exenrpllf ied by a 50 - 800 A thick indium metal thin film, a 300 - 600 A thick tin 
metal tiiin film, a 1 .0 - 3.0 nm thick metal powvder ink film, or the like. The metal powder ink is preferably one composed 
of metal powder and resin binder, the metal powder being aluminum or other metal powder having such a particle size 
distribution that particles having an oblateness of 100 - 250 and a particle diameter of 4 - 45 )un occupy a content ratio 
of 99% or more. In particular, an indium metal tiiin fHm having a tiiickness of 100 - 600 A is good and capable of provid- 
ing a metallic luster equivalent to that off metal plating, visually The metal tiiin film may be formed by vacuum deposition 
process, sputtering process, ton plating process, or the like. The metal powder ink film may be formed by printing proc- 
ess such as gravure printing or screen printing, or coating process such as reverse coating or dip coating, 
[0155] Further, tfie metallic cotor layer 53 may also be partly formed. An example of the case in which the metallic 
color layer 53 is partly formed is a metfiod in which a solvent-soluble resin layer is formed in a portfon where the metallic 
color layer 53 is unnecessary, and thereafter a metal tiiin film Is formed ail over thereon, and then an unnecessary metal 
thin film is removed together witfi the solvent-soluble resin layer by performing solvent cleaning. The solvent often used 
m thrs case is water or aqueous solution. Anotiier example is that a metal thin film Is formed all over, then a resist layer 
IS formed in portions where the metal tiiin film is desired to remain, and the resist layer is removed by performing etching 
witii add or alkali. Also, tiie metallic color layer 53. when formed from a metal powder ink film, may be formed by pat- 
terning with a printing mettiod. 

[0156] In the process of providing the metallic color layer 53. a front anchor layer or a rear anchor layer may also 
be formed for enhancement of the adhesion of the metallic color layer 53. As the nmterlal of the front anchor layer and 
the rear anchor layer, appropriately usable are two-part setting urethane resin, thermosetting urethane resin melamine 
resin, cellulose ester resin, chlorine-containing rubber-series resin, chlorine-containing vinyl resin, acrylic resin epoxy 
resin, vinyl copolymer resin, or the like. As the mettiod for forming ttie front anchor layer and the rear anchor layer ttiere 
are coating methods such as gravure coating, roll coating and comma coating, or printing methods such as gJavure 
printing or screen printing. ^ 

[01 57] The insert material may be provided with a pattern layer. The pattern layer is a layer to decorate the surface 
of an in-mold decorat«J article, specifically, for example, with patterns such as characters or symbols, or solid pattern 
or patterns such as wood grain pattern or stone grain pattern. As the material of the pattern layer, usable Is cotor ink 
containing: as binder, resin such as polyvinyl resin, polyamide resin, polyester resin, acrylic resin, polyurethane resin 
polyvinyl acetal resin, polyester urethane resin, cellutose ester resin, or alkyd resin; and as colorant, suitable color pig- 
ment or dye. Such a pattern layer may be formed by ordinary printing process such as offset printing, gravure printing 
or screen printing, or coating process such as roll coating or spray coating. The thickness of the pattern layer is prefer- 
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ably 0.1-20 |im. With an ordinary printing process, the thickness falls within this range. 

[0158] The Insert material may be provided with an adhesive layer 4, The adh^ive layer 4 is purposed to adhere 
the insert material to the molding resin 60. As needed, the adhesive layer 4 is formed. As the adhesive layer 4, heat 
sensitizing or pressure sensitive resin suitable for material of the molding resin 60 is suitably used. For example, when 
the material of the molding resin 60 is acrylic resin, acrylic resin may be used for the adhesive layer 4. When the mate- 
rial of the molding resin 60 is polyphenylene oxide-polystyrene resin, polycarbonate resin, styrene copolymer resin, or 
polystyrene blend resin, the adhesive layer 4 may be used which is of acrylic resin, polystyrene resin, or poiyamide resin 
each of which has affinity for these resin of the molding resin 60. When the material of the molding resin 60 is polypro- 
pylene resin, usable are. as the adhesive layer 4. chlorinated polyolefine resin, chlorinated ethylene-vinylacetate copol- 
ymer resin, cyclization rubber, or coumarone-indene resin. The adhesion layer 4 may be formed by coating methods 
such as gravure coating, roll coating and comma coating, or printing methods such as gravure printing or screen print- 
ing. 

[0159] The transfer material is constructed by the peel layer, the metallic color layer 53. the adhesion layer 54 and 
the like which are formed on the base sheet 52. 

[0160] As the base sheet 52. the same as the insert material of the aforementioned embodiment can be used. 
When the surface of the base sheet 52 has fine recesses and projections, such fine recesses and projections may be 
transferred onto the transfer layer to express surface configurations such as matting or hair lines. 
[0161] In order to irrprove release properties of the transfer layer from the base sheet 52. a release layer may be 
formed on the base sheet 52 before the transfer layer is formed on the whole surface of the base sheet 52. The release 
layer is removed from the transfer layer together with the base sheet 52 when the base sheet 52 is released after the 
transfer operation is canried out simultaneously with the molding operation. As the material of the release layer, usable 
are melamine resin series releasing agent, fluororesin series releasing agent, cellulosicderivative series releasing 
agent, urea resin series releasing agent, polyolefine resin series releasing agent, paraffin series releasing agent or 
complexed releasing agent of these agents. The release layer may be formed by coating methods such as roll coating 
or spray coating, or printing methods such as gravure printing or screen printing. 

[0162] The peel layer is entirely or partially formed on the base sheet 52 or the release layer. The peel layer is the 
outermost layer of the to-be-transfen-ed object by releasing the peel layer from the base sheet 52 or the release layer 
when the base sheet 52 is released after the transfer operation is earned out simultaneously with the molding operation. 
As the material of the peel layer, usable are resin such as aa-ylic resin, polyester resin, polyvinyl chloride resin cellu- 
lose resin, rubbery resin, polyurethane resin, or polyvinyl acetate resin; or copolymer such as vinyl chloride-vinyl ace- 
tate copolymer resin, or ethylene-vinyl acetate copolymer resin. When it is necessary for the peel layer to have some 
hardness, resin may be used which is selected from photo-setting resin such as ultraviolet curing resin, radiation curing 
resin such as electron radiation curing resin, or thermosetting resin. The peel layer may be colored or non-colored The 
peel layer may be formed by coating methods such as gravure coating, roll coating and comma coating or printing 
methods such as gravure printing or screen printing. 

[0163] The metallic color layer 53. which is a layer for decorating the surface of the in-mold decorated article with 
metallic luster, may be provided in the same way as in the case of the insert material. 

[0164] The adhesion layer 54 is to bond the aforementioned individual layers to surfaces of to-be-transferred 
objects. The adhesion layer 54 is formed at portions that would be designed for bonding. That is. if bonding is desired 
all over, the adhesion layer 54 is formed all over on the metallic color layer 53. If bonding is desired partly the adhesion 
layer 54 is formed partly on the metallic color layer 53. The adhesion layer 54 may be provided in the same way as in 
the case of the insert material. 

[0165] Also, the transfer material may be one having an anchor layer, a pattern layer, or the like. The pattern layer 

the anchor layer, or the like may be provided in the same way as in the case of the insert material. 

10166] Next, the method for manufacturing the in-moW decorated article according to the fourth embodiment is 

described. 

[0167] Rrst, as shown in Fig. 1 7. the rn-mold decorating sheet 51 is set onto the surface of the movable mold 55 
which IS an injection mold, by the clamp members 58. 

[0168] A concrete example of the way of setting to the movable mold 55 is as follows. An in-mold decorating sheet 
51 of long size is wound on a roll shaft into a roll form once, and this roil form sheet is placed on a top portion of the 
movable injection mold 55 integrally movably with the movable mold 55. While being paid out from the roll form winding 
the in-mold decorating sheet 51 is allowed to pass through the space between the shunted movable mold 55 and the 
stationary mold 56. by which the in-mold decorating sheet 51 is set to the movable mold 55. In this case, after the use 
of the in-mold decorating sheet 51 . the in-mold decorating sheet 51 may be wound up by the roll shaft of a film windina 
means installed below the movable ir^eclion mold 55 integrally movably with the movable mold 55. As another example 
vwth the use of the in-mold decorating sheet 51 in a leaf form, the in-mokJ decorating sheet 51 may be set to the surface 
of the movable mold 55 by a robot or human hand. For the setting of the in-mold decorating sheet 51 to the surface of 
the movable mold 55. after the in-mold decorating sheet 51 is set to the surface of the movable mold 55. the position of 
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the in-mold decorating sheet 51 relative to the surface of the movable moid 55 is determined by a positioning sensor or 
the like, where the in-mold decorating sheet 51 may appropriately be pressed against the surface of the movable injec- 
tion mold 55 with the upper-and-Iower pair of rod-like clamp members 58. 

10169] Then, as shown in Rg. 18. after the in-mold decorating sheet 51 is set to the surface of the movable mold 
55 for injection molding, vacuum suction is carried out with the plurality of vacuum suction holes 62 formed In the mov- 
able injection mold 55 to cause the in-mold decorating sheet 51 to be along the cavity forming surface 57 of the movable 
mold 55. by which the in-mold decorating sheet 51 is worked into a three-cfimensional shape conforming to the 
recessed portion of the movable injection mold 55, i.e. the cavity forming surface 57 of the cavity 63, as shown in Rg. 
18. As a concrete example, a method available is as follows. The In-moW decorating sheet 51 set to the surface of the 
movable mold 55 is heated to a temperature equal to or higher than the softening point to become softened by means 
of a heating plate or the like inserted between the movable mold 55 and the stationary mold 56. the space between the 
recessed portion of the movable injection mold 55 and the in-mold decorating sheet 51 is tightly closed and vacuum 
suction IS carried out by evacuating the space through the plurality of vacuum suction holes 62 to cause the in-mold 
decorating sheet 51 to closely adhere to the interior surface (cavity forming surface 57) of the recessed portion of the 
movable injection mold 55. In three<iimensionally working, or in pressing and fixing the in-mold decorating sheet 51 
with the clamp members 58. an unnecessary portion of the in-mold decorating sheet 51 may be punched out 
[01 70] Alternatively, before the In-mold decorating sheet 51 is set to the surface of ion the movable injection mold 
55. the in-mold decorating sheet 51 nr^ay be previously three-dimensionally worked into a desired shape by using a sep- 
arate three^imensional working mold different from the movable mold 55 and the stationary mold 56 for injection mold- 
ing. or after the in-moId decorating sheet 51 Is punched out into a desired shape (see Fig. 21 ). the three<llmensionally 
worked in-mold decorating sheet 51 may befitted into the recessed portion of the movable mold 55 for injection molding 
(see Rg. 22). The terms, three^limensional working, in this case refers to changing the shape of the in-nrald decorating 
sheet 51 from a planar state into a three-dimensional shape. The desired shape may be. for example, a configuration 
conforming to the cavity forming surface 57 of ttie movable mold 55 or the stationary mold 56 for injection molding As 
the metiiod for three-dimensional working, there are vacuum molding metiiod. pressure forming method, pressing and 
molding method in which heated rubber is pressed against an object, press molding method and the like The vacuum 
molding metiiod in tiiis case is such tiiat tiie in-mold decorating sheet 51 is heated to a temperature equal to or higher 
than the softening point to become softened, the space between the recessed portion of the vacuum forming mold and 
the in-mold decorating sheet 51 is tightiy closed and vacuum suction is carried out to cause the in-moW decorating 
sheet 51 to closely adhere to the interior surface of the recessed portion of the vacuum forming moW. by which the in- 
mold decorating sheet 51 is formed into an in-moW decorating sheet having a three-dimensional shape conforming to 
the cavity defining surface 57 of the movable mold 55 for injection molding. For punching to a desired shape there are 
Thomson punching method and pressing method using a mold. As tfie punched configuration, there are lines'extending 
atong an outer penphery of a given configuration, holes of a given shape, and the like. In tiiree-dimensionally working 
punching may be earned out simultaneously 

[0171] Next, ttie movable mold 55 is moved to the stationary mold 56 and ttie movable mold 55 is clamped against 
the stationary mold 56. Then, the molding resin 60 in molten state is injected from the gate portion 59 of the stationary 
mold 56 into the cavity 63 defined by ttie movable mold 55 and the stationary mold 56. and ttie molding resin 60 is solid- 
ified so that a molded resin product 61 is formed wittiin the cavity 63, and simultaneously therewitti the adhesive film 
side of the in-mold decorating sheet 51 is integrally bonded to ttie surface of ttie molded resin product (see Rgs, 19 and 
23). 

[0172] Thereafter, after the molded resin product 61 is removed from ttie movable mokJ 55, an unnecessary por- 
tion, for example, an unbonded portion of the in-mold decorating sheet 51 bonded to ttie molded resin product 61 is 
removal (see Fig. 20). In addition, if ttie in-mold decorating sheet 51 is previously punched out into a desired shape as 
shown in Fig. 21 and as described above, ttie work of removing the unnecessary portion of the in-mold decorating sheet 
51 IS unnecessary. ^ 

[0173] The movable mold 55 and the stationary mold 56 as ttie injection mold are not particularly limited to ttie 
above embodiments. As the injection mold, a mold may be used which is composed of ttie stationary mold 56 having 
the gate portion 59 for injecting ttie molding resin 60 and ttie movable mold 55, and In which ttie stationary mold 56 and 
he movable mold 55. when clamped, form a singularity or plurality of cavities 63 surrounded by ttie cavity forming sur- 
face 57 of ttie stationary mold 56 and the cavity forming surface 57 of ttie movable mold 55. The in-moW decorating 
sheet 51 set within the cavity 63 defined by ttie movable mold 55 and ttie stationary mold 56 for injection molding covers 
the cavity forming surfaces 57. The cavity 63 may also be one which forms holes in the mokfed resin product 61 The 
recessed portion forming ttie cavity 63 may be fornied in eittier the stationary mold 56 or ttie movable mold 55* The 
movable mold 55 or ttie stationary mold 56 may have ttie damp members 58 which press and fix ttie in-mold decorating 
the penphery of the recessed portion (see Rgs. 17 to 19). The clamp members 58 may ottierwise be pro 
vided in ttie stationary mold 56. / o h w 

[0174] The molding resin 60 is not particularly limited. Examples of the molding resin are acrylic resin, polystyrene 
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resin, poJyaCTylonitrile styrene resin, polyacrytonitrile butadiene-styrene resin, and the like. Typical molding resin 60 to 
be used for interior automotive trims and exterior automotive trims is exemplified by talc-containing polypropylene resin, 
modified polypropylene resin, and the (ike. 

[0175] Next, with the mold opened, the moldai resin product 61 to which the In-mold decorating sheet 51 has been 
integrated and bonded is removed. In the case where the in-mold decorating sheet 51 is a transfer material, the base 
sheet 52 is peeled off. In this way, an in-mold decorated article can be obtained. 

{0176] In addition, whereas the above description applies, as it is. to lateral type injection molding machines the 
relationship between the stationary mold 56 and the movable mold 55 is reversed in the case of a vertical type injection 
molding machine. Also, the mold of the injection molding machine is applicable not only to two mold type but also three 
mold type similarly. 

[0177] Examples related to the above embodiments are shown below. 
Example I (Example for the second embodiment): 

[0178] A gold color automobile wheel cover was manufactured under the following conditions. 
[0179] As the acrylic film for the acrylic printing insert fflm, an acrylic film having a shrinkage rate of 5/1000 and a 
thickness of 1 25 urn was used. A print layer using transparent yellow acrylic resin ink was formed as a first pattern layer 
on the acrylic film, a metal vacuunvdeposited layer made of a 400 A thick indium vacuunvdeposition was formed on the 
first pattern layer, a print layer using vinyl resin ink containing an aluminum pigment pnduding a transparent yellow pig- 
ment) was formed as a second pattern layer on the metal vacuum-deposited layer, and a print layer using chlorinated 
polypropylene resin (degree of chlorination: 10%) was formed on the second pattern layer. 

[0180] The acrylic printing insert film obtained in this way was inserted in an injection mold. and. after clamping a 
polypropylene molding resin in molten state having a shrinkage rate of 8/1000 was injected into the cavity. The polypro- 
pylene molding resin was solidified to form a molded resin product, and the print layer side of the acrylic printing insert 
film was integrally bonded to the molded resin product. Thus, a gold color automobile wheel cover was obtained. 
[0181] As the polypropylene molding resin in this case, a gray color one containing a filler material (content- 20 
wt%) and ethylene-vinyl acetate copolymer resin (content: 5 wt%) was used. 

Example 2 (Example for the second embodiment): 

[0182] A console panel of a wood grain pattern was manufactured under the following conditions. 
[0183] As the acrylic film for the acrylic printing insert film, an acrylic film having a shrinkage rate of 5/1 000 and a 
thickness of 125 iim was used. A wood-grain conductor pattern layer using vinyl resin ink containing a black pigment 
(carbon black) was formed as a first pattern layer on the acrylic film, a glitter pigment layer using vinyl resin ink contain- 
ing a yellow pearl pigment was formed as a second pattern layer on the first pattern layer, and a wood-grain ground 
layer using chlorinated polypropylene resin ink (degree of chlorination: 5 wt%) containing a brown pigment (iron red) 
was formed as a third pattern layer on the second pattern layer. 

[0184] The acrylic printing insert film obtained in ttiis way was inserted in the injection mold. and. after clamping a 
polypropylene molding resin in molten state having a shrinkage rate of 5/1000 was injected into the cavity. Simultane- 
ously with the molding of a molded resin product, the molding resin was integrally bonded to the adhesion layer side of 
the acrylic printing insert film. Thus, a gold color automobile wheel cover was obtained. 

[0185] As the polypropylene molding resin in this case, a brown color one containing a filler material (content- 30 
wt%) and olef inic thermoplastic elastomer resin (content: 1 wt%) was used. 

Example 3 (Example for the third embodiment): 

S ^ ^""^ ®" wood-grain panel was manufactured under the following conditions 

[01871 With a 75 nm thick acrylic film used as the base sheet, a wood-grain conductor pattem layer using acrylic 
resin ink containing a black pigment and a wood-grain ground using acrylic resin ink containing a brown pigment were 
formed on the acrylic film, respectively, by gravure printing method, by which a pattern layer was formed Then an 
adhesion layer was formed by chlorinated polypropylene resin, by which an insert film was obtained. 
[0188] The insert film obtained in tfiis way exhibited a tensile strength at break of 0.6 kgf when a tensile test was 
earned out with a 1 0 mm wide test specimen of the insert film fixed between a pair of chucks with a chuck-tOK:huck dis- 
tance of 1 00 mm. by applying a load at a constant speed of 5 mm/sec to the test specimen at one end tfiereof under an 
ambient temperature condition of 25*>C. Also, the insert film exhibited a tensile elongation at break of 1 90% when a ten- 
sile test was carried out with a 1 0 mm wide test specimen of the insert film fixed between a pair of chucks with a chuck- 
to-chuck distance of 100 mm. by applying a load at a constant speed of 3 mm/sec to the test specimen at one end 
thereof under an ambient temperature condition of 1 10'C. Further, the base sheet exhibits a tensile strength at break 
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of 1 60 gf when a tensife test was carried out with a 1 0 mm wide test specimen of the base sheet fixed between a pair 
of chucks with a chuck-to<huck distance of 1 00 mm, by applying a load at a constant speed of 1 wfmin to the test spec- 
imen at one end thereof under an ambient temperature condition of 40*C. 

[0189] Next, the insert film was set and fixed to the injection mold, and with polypropylene resin used as the molding 
resin, an insert molded resin product was obtained. 

[01 90] Then, as a result of trimming by manually pulling the insert film at a portion thereof that was not bonded to 
the molding resin, the insert film was able to be easily cut Also, the interior automobile wood-grain panel which is an 
insert-molded article obtained in this way showed no occun-ences of peeling at end portions of the trimming portion of 
the insert film, and was superior also in terms of appearance. 

Example 4 (Example fbr the third embodiment): 

[0191 ] An insert film for an automobile meter panel was manufactured under the following conditions. 
[0192] With a 50 ^m thick frosted polycarbonate film used as the base sheet, a partially-removed tight-shield pat- 
tern layer using vinyl resin ink containing a black pigment and an outline character coloring layer using vinyl-series Ink 
containing a white pigment were formed on the acrylic film, respectively, by gravure printing method, by which a pattern 
layer was formaJ. Then, an adhesion layer was formed by acrylic resin ink. by which an insert film was obtained. 
[01 93] The insert film obtained in this way exhibited a tensile strength at break of 0.7 kgf when the same tensile test 
as in Example 1 was carried out. Also, the insert film exhibited a tensile elongation at break of 1 65%. Further the base 
sheet exhibited a tensile strength at break of 970 gf when the same tensile test as in Example 1 was carried out. 
[01 94] Next, the insert film was set and fixed to the injection mold, and with polypropylene resin used as the molding 
resin, an insert molded resin product was obtained. 

[01 95] Then, as a result of trimming by a laser beam with the insert film at a portion thereof that was not bonded to 
the mowing resin, the insert film was able to be cut with a lower amount of energy. Also, the automobile meter panel 
which was an insert molded resin product obtained in the above manner, did not burn around the trimming portion and 
was superior also in terms of appearance. Example 5 (Example for the third embodiment): 
[0196] An insert film to be used for a card was manufactured under the following conditions. 
[01 97] With a 1 50 |im thick polyvinyl alcohol film used as the base sheet, a pattern layer using aqueous acrylic resin 
ink containing a pigment was formed on the base sheet by gravure printing method, and then an adhesion l^er using 
aqueous acrylic resin ink was formed, by which an insert film was obtained. 

[0198] The insert film obtained in this way exhibited a tensile strength at break of 0.23 kgf when the same tensile 
test as in Example 1 was can-led out. Also, the insert film exhibited a tensile elongation at break of 155% Further the 
base sheet exhibited a tensile strength at break of 1800 gf when the same tensile test as in Example 1 was carried'out. 
[0199] Next, the insert film was set and fixed to the injection mold, and with polylactic-acid biodegradable molding 
resin used as the molding resin, molding an insert molded resin product was obtained. 

[02001 Then, as a result of trimming by a Thomson punching die with the insert film at a portion thereof that was 
not bonded to the molding resin, the insert film was able to be punched out with a relatively lower pressing pressure 
Also, a card, which was an insert molded resin product obtained in the above manner, was clean at the cutting surface 
at end portions and superior in terms of appearance. 

Example 5 (Exanple for the fourth embodiment): 

[0201 ] A knob part for electric rice cookers was manufactured under the following conditions. 
[0202] With a 1 00 fim thick low-crystallinity polypropylene film used as the base sheet, a peel layer using transpar- 
ent urethane resm ink was formed on the base sheet, a 2 jim thick metallic color layer using aluminum metal powder 
ink fbr screen pnnting made by Teikoku Ink K.K. was formed on the peel layer, and a pattern layer using urethane resin 
ink containing a transparent yellow pigment and an aluminum pigment was formed on the metallic color layer. A 100 um 
thick gray color low-crystallinity polypropylene film was laminated further thereon by dry laminate process by which an 
adhesion layer was formed. Thus, a transfer material was obtained. 

[0203] The transfer material obtained in this way exhibited a surface specular gloss of 83 at 60« reflection according 
to the Japanese Industrial Standards (JIS) Z 8741 when a 10 mm wide test specimen of the transfer material pinched 
by a pair of chucks and fixed with a chuck opposite end edge distance of 1 0 mm was elongated up to 20 mm by applying 
a load at a constant speed of 10 mm/min to one end of the test specimen under an ambient temperature condition 6f 

1 50**C. 

[0204] The transfer material obtained in the above manner was set In a movable mold fbr injection molding vacuum 
molded is carried out. and. after clamping, talc-containing polypropylene molding resin in molten state was injected into 
the cavity. The polypropylene moWing resin was solidified to form a molded resin product, and simultaneously therewith 
the adhesion layer side of the transfer material was integrally bonded to the surface of the molded resin product Thus 
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a knob part for electric rice cookers was obtained. 

[0205] The in-mold decorated article obtained in this way, which was a knob part for electric rice cookers, showed 
no occurrences of micro cracks in the metallic color layer, and had a superior metallic luster. 

Example 6 (Example for the fourth embodiment): 

[0206] An automobile emblem was manufactured under the following conditions. 

[0207] With a 1 00 Hm thick mold-released noncrystalline polyethylene terephthalate film used as the base sheet, a 
peel layer using urethane acrylate resin ink was formed on the base sheet, a metallic color layer made of a 400 A thick 
tin vacuum<leposited layer was formed on the peel layer, a pattern layer using vinyl resin ink was formed on the metallic 
color layer, and an adhesion layer using transparwit-and-colorless acrylic resin ink was formed on the pattem layer by 
which a transfer materia! was obtained. ' 
[0208] TTie transfer material obtained in this way exhibited a surface specular gloss of 75 at 60*' reflection according 
to the Japanese Industrial Standards (JIS) Z 8741 when a 10 mm wide test specimen of the transfer material pinched 
by a pair of chucks and fixed with a chuck opposite end edge distance of 1 0 mm was elongated up to 20 mm by applying 
a load at a constant speed of 10 mm/min to one end of the test specimen under an ambient tenperature condition of 
1 50*C. 

[0209] The trar^fer material obtained in the above manner was set In an injection molding movable mold, and vac- 
uum-molded and, after clamping, talc-containing polypropylene molding resin in molten state was injected into the cav- 
ity. The polypropylene molding resin was solidified to form a molded resin product, and simultaneously therewith the 
adhesion layer side of the transfer material was integrally bonded to the surface of the molded resin product. Thereafter 
the noncrystalline polyethylene terephthalate fflm was peeled off. and the peel layer was accelerated to set by irradiatiori 
of ultraviolet ray Thus, an automobile emblem was obtained. 

[0210] The in-mold decorated article obtained in this way. which was an automobile emblem, showed no occur- 
rences of micro cracks in the metallic cotor layer, and had a superior metallic luster as well as a high surface strength. 

Example 7: 



[021 1 1 A chrome color automobile grille was manufactured under the following conditions. 

[021 2] With a 1 00 Jim thick acrylic film used as the base sheet, a polyester methacrylate resin Ink layer was formed 

on one surface of the base sheet, while a metallic cotor layer made of a 300 A thick indium vacuum-deposited layer was 

formed on the other surface, a pattern layer using chrome color vinyl resin ink was formed on the base sheet, and an 

adhesion layer for lamination using acrylic resin ink was fomied on the pattern layer. A 1 00 ^m thick urethane film was 

laminated further thereon by dry laminate process to form an adhesion film layer, by which an insert material was 

obtained. 

[0213] The insert material obtained in this way exhibited a surface specular gloss of 95 at 60<> reflection according 
to the Japanese Industrial Standards (JIS) Z 8741 when a 10 mm wide test specimen of the insert material pinched by 
a pair of chucks and fixed with a chuck opposite end edge distance of 10 mm was elongated up to 20 mm by applying 
a load at a constant speed of 10 mnVmin to one end of the test specimen under an ancient teirperature condition of 

1 50'C. 

[0214] The insert material obtained in the afcwe manner was set in a mold for vacuum molding and three^iimen- 
sionally worked, and the polyester methacrylate layer was accelerated to set by irradiating the surface of the insert 
material with an electron beam. Thereafter, the insert material was set in a mold for injection molding and. after clamp- 
ing, talc-containing polypropylene molding resin In molten state was injected into the cavity. The polypropylene molding 
resin was solidified to form a molded resin product, and simultaneously therewith the adhesion layer side of the insert 
material was integrally bonded to the surface of the molded resin product. Thus, a chrome color automobile grille was 
obtained. 

[0215] The In-mold decorated article obtain^ In this way. which was a chrome color automobile grille showed no 
occurrences of micro cracks in the metallic color layer, and had a superior metallic luster as well as a hioh surface 
strength. ** 

[021 6] The present invention, by virtue of its constitutions as described above, has the following effects. 
[021 7] That is. according to the present invention, it is so constructed when an unnecessary portion of the in-moW 
decorating sheet is peeled off from the surface of the molded resin product in compliance with conditions of JIS K 6744- 
1 992 (ASTM D903). the in-mold decorating sheet has a peel strength of at least not less than 1 kgWnch width or the in- 
mold decorating sheet breaks before reaching the peel strength. The peel strength value of at least not less than 1 
kgf/inch width was obtained from experimental values derived from a test carried out as to the trimming easiness or 
hardness with a test product as shown in Fig. 12. where it could not be said that a stable production of products is 
achievable, unless tiiose products show a product yield of 85% or more as shown in Tables 2 to 4. Accordingly with the 
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above constitution, there occur neither trimming faults nor peeling of the in-mold decorating sheet from the molded resin 
product during the trimming work. 

[0218] Also, with the setting that the difference between the shrinkage rate of the in-moW decorating sheet and the 
shrinkage rate of the after-solidifying molding resin is as snrmll as within a range of (V1000 - 8/1 000, warp Is unlikely to 
occur over the whole in-mold decorated article and the in-mold decorating sheet is also unlikely to peel off from the 
molded resin product. Further, at end portions of the in-mold decorated article, nrtinute shifts are unlikely to occur at the 
bonding surface of the in-mold decorating sheet and the bonding surface of the molded resin product of the solidified 
molding resin so that such faults as peel-off of the in-mold decorating sheet from the molded resin product are elimi- 
nated. 

[0219] Also, the in-mold decorating sheet according to the present invention is an in-mold decorating sheet which 
is set in a mold for molding process, partly integrally bonded to the surface of molding resin, and after molding, an 
unbonded portion of the sheet is removed, wherein when a tensile test is carried out with a 10 mm wide test specimen 
of the in-mold decorating sheet fixed between a pair of chucks with a chuck-to-chuck distance of 100 mm. by applying 
a load at a constant speed of 5 mm/sec to the test specimen at one end thereof under an ambient temperature condition 
of ZS'^C. the test specimen exhibits a tensile strength at break of 0.2 - 2 kgf. The setting that the tensile strength at break 
of the test specimen is 0.2 - 2 kgf Is based on the fact that, as shown in Table 1 before, as a result of evaluating trimming 
characteristics of various types of base sheets. In-mold decorating sheets are evaluated as @ or Q for those having 
a tensile strength at break of 0.2 - 1 .6 kgf, as a for 2.0 kgf. as X for 2.1 l^f, and as X also for 0.18 gf, hence an effective 
range of 0.2 - 2 kgf. However. in-moW decorating sheets having a tensile strength at break of less than 0.2 kgi broke at 
a time point during printing, b&ng evaluated as X because of incapability of production of the sheets so that the evalu- 
ation of trimming characteristic was disabled. With this constitution, tiie in-mold decorating sheet has such a strengtii 
as to be easy to cut and moreover not to break during the molding process, and can produce an excellent effect of beina 
easy to trim. 

[0220] Also, the in-mold decorating sheet according to the present invention comprises at least a base sheet and a 
metallic color layer. The sheet is set in a mold for molding process and integrally bonded to the surface of molding resin 
wherein when a 1 0 mm wide test specimen of the in-mold decorating sheet fixed between a pair of chucks with a chuck 
opposite end edge distance of 10 mm is elongated up to 20 mm by applying a load at a constant speed of 10 mm/min 
to one end of the test specimen under an ambient temperature condition of 150"C. ttie in-mold decorating sheet exhibits 
a surface specular gloss of not less than 75 at 60« reflection according to tiie Japanese Industrial Standards (JIS) Z 
8741. This setting that the surface specular gloss is not less flian 75 is due to the fact tiiat the surface specular gloss 
of 75 IS a value around the boundary at which man can visually recognize whether or not tiiere is a luster, and that man 
does not sense a feeling of luster any more if the surface specular gloss is less than this value. Accoidingly. with this 
constitution, the in-mold decorating sheet is enabled to serve for decoration without impairing the metallic luster even if 
the in-mold decorating sheet is molded by deep<lrawing. Further, the method for manufacturing the In-mold decorated 
article according to tfie present invention is capable of obtaining ttie In-mold decorated article without impairing ttie 
metallic luster even if the in-mold decorated article is molded by deep drawing. 

[0221] With a constitution that the molding resin is polypropylene resin as in ttie aforementioned fifth or twentieth 
aspect, tiiere can be produced effects that ttie molding resin, when being polypropylene, can be reduced In weight ttie 
molding resin material itself is low in cost, and ttiat no harmful gases are evolved in incineration or ottier disposal proc- 
esses. 



[0222] With a constitution that ttie molding resin is polypropylene resin having an after-solidifying shrinkage rate of 
4/1 000 - 1 2/1 000 as in the aforementioned sixth or twenty-first aspect, ttie in-moW decorating sheet can be reduced in 
molding faults such as shrinkage, and moreover enrore of product dimensions can be reduced. 
[0223] With a constitution ttiat a filler material is mixed Into ttie polypropylene molding resin as in the aforemen- 
tioned seventti or twenty-second aspect, there can be produced an effect ttiat whereas ttie polypropylene resin itself 
has a large shnnkage rate of molding, the shrinkage rate can be reduced by mixing ttie filler material ttiereinto 
[0224] With a constitution that a rubber component is mixed into the polypropylene molding resin as in the afore- 
mentioned eighth or twenty-third aspect, ttie molded resin product can be reduced in strain, which produces an effect 
that the adhesive force with the in-mold decorating sheet Is improved. 

[0225] With a constitution ttiat a resin component of a layer bringing into contact witti the molding resin out of print 
layers of the in-mold decorating sheet is chlorinated polypropylene-series resin as in ttie aforementioned ninth or 
twenty-fourth aspect, ttie chlorinated polypropylene-series resin Is a resin ttiat adheres to polypropylene molding resin 
very strongly, and that has a property that, when mixed witti a rubber component, is further improved in adhesive force 
Accordingly, ttiere can be produced an effect ttiat ttie in-moW decorating sheet becomes more unlikely to be peeled off 
from tiie molding resin, ' ^ 

[0226] With a constitution ttiat as in the aforementioned tenth or twenty-f iftti aspect, the in-mold decorating sheet 
has at least a pattern layer formed in a base sheet, wherein when a tensile test is carried out witti a 10 mm wide test 
speamen of ttie base sheet fixed between a pair of chucks with a chuck-to-chuck distance of 100 mm. by applying a 
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load at a constant speed of 500 mm/min to the test specimen at one end thereof under an ancient temperature corxli- 
tion of 40«C, the test specimen exhitiits a tensile strength at break of not less than 850 gf. there can be produced an 
effect that, because of the tensile strength at break of not less than 850 kgf of the base sheet such faults as damage 
in handling for printing are unlikely to occur. 

[02271 With a constitution that, as in the aforementioned eleventh or twenty-sixth aspect, the in-mold decorating 
sheet has such a characteristic that when a tensile test is earned out with a 10 mm wide test specimen of the in-mold 
decorating sheet fixed between a pair of chucks with a chuck-to-chuck distance of 100 mm. by applying a load at a con- 
stant speed of 3 mm/sec to the test specimen at one end thereof under an ambient teirperature condition of 1 lO'C the 
test specimen exhibits a tensile elongation at break of not less than 150%. there can be produced an effect that 
because of the tensile elongation at break of not less than 150% at 1 10»C. a deepKlrawn decorated article of 1 50% or 
more can be obtained in the case of working with heating as in vacuum molding. 

[0228] With a constitution that, as in tiie aforementioned twelfth or twenty-seventh aspect, the base sheet of the in- 
mold decorating sheet Is an acrylic film having a thickness of 50 - 200 fim or a polycarbonate film having a thickness of 
30-150 >im. and witii a constitution that, as in the thirty-fourth or thirty-sixth aspect, the pattern layer is an organic-sol- 
vent soluble ink layer, there can be produced effects that ttie tensile strength at break is high before printing and that 
the film strength can be lowered appropriately by ttie organic solvent contained in the ink after the printing thus pre- 
ventng damage in handling for printing, making the film easy to cut. so easy to trim, in the trimming work after the in- 
mold decoration. 

[0229] With a constitution that the base sheet of the in-mold decorating sheet is a polyvinyl alcohol film having a 
thickness of 50 - 800 \im as in the aforementioned thirteentti or twenty-eighth aspect, and witii a constitution that the 
pattern layer is a water-soluble ink layer as in tiie aforementioned tiiirty-f iflh or tfiirty-seventti aspect, there can be pro- 
duced effects that the tensile strength at break is high before printing, and ttiat the film strength can be lowered appro- 
priately by water or hydrophilic solvent (mettianol etc.) contained in the ink after the priming, tfius reducing damage in 
rnoo Pnnting. making the film easy to cut, so easy to trim, in the trimming work after the in-mold decoration 

[0230] With a constitution tiiat. as in the aforementioned fourteenth or twenty-ninth aspect, the in-mold decorating 
sheet compnses at least a base sheet and a metallic color layer, the metallic color layer being a 50 - 800 A ttiick indium 
metal ttiin film, a 300 - 600 A thick tin metal thin film, or a 1 .0 - 3.0 m thick metal powder inkf ilm. there can be obtained 
a metallic lustrous film having a surface specular gloss of not less than 75 as shown in ttie fourth aspect 
[0231 1 With a constitution that, as in the aforementioned f ifteerth or tiiirtietfi aspect tiie in-mold decwating sheet 
comprises at least a base sheet and a metallic color layer, the metallic color layer being a 100 - 600 A thick indium metal 
thin film, the surface specular gloss can be further improved to above 75. 

[02321 With a constitution ttiat. as in the aforementioned thirty-first aspect the ttiree-dimensionally worked in-mold 
decorating sheet as described in any one of the sixteemh to ttiirtietti aspects is set into a mold for molding process and 
with the mold clamped, simultaneously with ftorming a molded resin product, the in-mold decorating sheet is integrally 
bor^ed to a surface of the molded resin product, ttiere can be produced an effect that because of ttie integral bondina 
performed simultaneously witti molding, ttie processes can be simplified. 

10233] With a constitution ttiat, as in the aforementioned ttiirty-second aspect, the in-mold decorating sheet as 
described in any one of ttie sixteenth to thirtietii aspects is set into a mold for molding process, ttiree-dimensionally 
worked wittiin ttie mold, and witti ttie mold clamped, simultaneously with forming a molded resin product the in-mold 
decorating sheet is integrally bonded to a surface of the molded resin product, ttiere can be produced an effect ttiat 
because of ttie method in which the In-mold decorating sheet is three-<iimensionally worked wittiin ttie mold one mold 
can serve for three-dimensional working and injection molding so ttiat ttie processes can be simplified 
[0234] Although ttie present invention has been fully described in connection with the preferred embodiments 
™r^ *h^^^^^^ accompanying drawings, it is to be noted ttiat various changes and modifications are 

apparent to tt^^ skilled in the art. Such changes and modifications are to be understood as included wittiin the scope 
of ttie present invention as defined by ttie appended claims unless they depart ttierefrom. 



Claims 



mniH of o« « ^«cle Obtained by comprising: setting an in-mold decorating sheet (4. 21. 51) in an injectton 
mora (5. 6, 25. 26. 55. 56); after tfie mold clamped, injecting molten molding resin (10. 30, 60) into ttie mold' after 
cooling and solidifying of the injected molding a resin, integrally bonding a part of the in-mold decorating sheet to 
^eretr ^"^ ^ remaining unbonded portion of ttie in-mold decorating sheet 

«nr. JJJT^^^ht'""'^^^ i'^I^o^ ^^^^ P®^'^ °" ^" ^"^^'^^ "«Wing resin in compli- 

tnZT •H?K ?K "^^^^^ '"•"'^'^ decorating sheet has a peel strengtti of at lea^ not less ttian 1 

kgf/inch widtti or the in-moId decorating sheet breaks at the interface before reaching ttie peel strengtti 
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2. The in-mold decorated article accofding to Claim 1. wherein a difference in shrinkage rate between the in-mold 
decorating sheet and the after-solidifying n[K>lding resin is 0/1000 - 8/1000. 

3. The In-mold decorated article according to Claim 1 or 2, wherein when a tensile test is can-ied out with a 10 mm 
wjde test spa;imen (40) of the in-mold decorating sheet fixed between a pair of chucks (42. 43) with an opposite 
end edge distance of 1 00 mm, by applying a load at a constant speed of 5 mm/sec to the test specimen at one end 
thereof under an ambient tenperature condition of 25»C. the test spedmen exhibits a tensile strength at break of 
0.2 - 2 kgf. 

4. The in-mold decorated article according to any one of Claims 1 to 3. wherein the in-mold decorating sheet com- 
prises at least a base sheet and a metallic color layer, and wherein when a 10 mm wide test spedmen (70) of the 
in-mold decorating sheet fixed between a pair of chucks with an c^posite end edge distance of 10 mm is elongated 
up to 20 mm by applying a load at a constant speed of 10 mm/min to one end of the test specimen under an ambi- 
ent temperature condition of 150»C. the in-mold decorating sheet exhibits a surface specular gloss of not less than 
75 at 60° rejection. 

5. The in-moW decorated article according to any one of Claims 1 to 4. wherein the molding resin is polypropylene 

resin. ^* 

6. The in-mold decorated article according to any one of Claims 1 to 5. wherein the molding resin is polypropylene 
resin having an after-solidifying shrinkage rate of 4/1000 - 12/1000. 

7. The in-moW decorated article according to any one of Claims 1 to 6, wherein a filler material is mixed into the oolv- 
ptopylene molding resin. 

8. The in-mold decorated article according to any one of Claims 1 to 7. wherein a nibber component is mixed into the 
polypropylene molding resin. 

9. The in-mold decorated article according to any one of Claims 1 to 8. wherein a resin component of a layer brinoina 
into contact with the molding resin, out of print layers of the in-mold decorating sheet is chlorinated polypropylen^ 
series resin. r«'7t"«^7iw"» 

10. The in-mold decorated article according to any one of Qaims 1 to 9. wherein the in-mold decorating sheet has at 
least a pattern layer (23) fbrmed in a base sheet (22). and wherein when a tensile test is earned out with a 10 mm 
wide test specimen (40) of the base sheet fixed between a pair of chucks with a chuck-to-chuck distance of 100 
mm by applying a load at a constant speed of 500 mnVhiin to the test specimen at one end thereof under an ambi- 
ent temperature conditaon of 40-C. the test specimen exhibits a tensile strength at break of not less than 850 gf. 

1 1 . The in-mold decorated article according to any one of Claims 1 to 1 0, wherein when a tensile test is carried out with 
a 10 mm wide test specimen (40) of the in-mold decorating sheet fixed between a pair of chucks with a chuck-to- 
*ertf ;f 'h"^ ° °K° " ^' ^ 3 mm/feec totte test speciiS It o^eSl 
SrS^^^tSiriSSS "'"""'""^ 



12. The in-mold decorated article according to any one of Qaims 1 to 11. wherein the base sheet of the in-moW deco- 
rajjngsheet « an acryfic film having a thickness of 50 - 200 ^m or a po.ycartx,nate film having a tSl«s <J 

13. The in-mold decorated article according to any one of Claims 1 to 1 1 . wherein the base sheet of the in-moW deco- 
rating sheet IS a polyvinyl alcohol film having a thickness of 50 - 800 jim. 

I!?rJr'TJ"'' ^«^''«*«^ a'^'c'e according to any one of Claims 1 to 13. wherein the in-mold decorating sheet com- 
pnses at least a base sheet and a metallic color layer, the metallic color layer being a 50 ■ 8M A tWd^ndium 
thinf.lm.a300 - 600Athick tin metal thin fDm.oral.0-3.0^m thick me^rpo^lnMiliT^^^^^^^^^"^ 

'^1^'^'^^^^'^^'^?^^ ^ ^ °^ °* 1 ^ "^'^ *e in-mold decomting sheet com- 

prise at least a base sheet and a metallic cola layer, the metallic cdor layer being 
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16. An in-mold decorating sheet for obtaining an in-moW decorated article by comprising: setting the in-mold decorat- 
ing sheet in an injection moid; atter the mold damped, injecting molten molding resin into the mold; after cooling 
and solidifying of the injected molding resin, integrally bonding a part of the in-mold decorating sheet to a surface 
of the molding resin; and then, removing a remaining unbonded portion of the in-moW decorating sheet, wherein 

when the in-mold decorating sheet is peeled off from an interface with the solidified molding resin in compli- 
ance with conditions of ASTM D903. the tn-mold decorating sheet has a peel strength of at least not less than 1 
kgt/inch width or the in-mold decorating sheet breaks at the interface before reaching the peel strength. 

17. The in-mold decorating sheet according to Claim 16, wherein a difference in shrinkage rate between the In-mokl 
decorating sheet and the after-solidifying molding resin is 0/1000 - 8/1000. 

18. The in-mold decorating sheet according to Claim 16 or 17, wherein when a tensile test is carried out with a 1 0 mm 
wide test specimen (40) of the in-mold decorating sheet fixed between a pair of chucks (42. 43) with an opposite 
end edge distance of 100 mm, by applying a load at a constant speed of 5 mm/sec to the test specimen at one end 
thereof under an ambient temperature condition of 25"C, the test specimen exhibits a tensile strength at break of 

0.2 - 2 kgf. 



19. The in-mold decorating sheet according to any one of Claims 16 to 18. wherein the in-mold decorating sheet com- 
prises at least a base sheet and a metallic color layer, and wherein when a 10 mm wide test specimen (70) of the 
in-mold decorating sheet fixed between a pair of chucks with an opposite end edge distance of 10 mm is elongated 
up to 20 mm by applying a load at a constant speed of 1 0 mmAnin to one end of the test specimen under an ambi- 
ent temperature condition of 150'C. the in-mold decorating sheet exhibits a surface specular gloss of not less than 
75 at 60" reflection. 



20. The in-moW decorating sheet according to any one of Claims 16 to 19, wherein the molding resin is polypropylene 
resin. 



21 . The in-mold decorating sheet wherein in the in-mold decorated article according to any one of Claims 16 to 20. the 
molding resin is polypropylene resin having an after-solidifying shrinkage rate of 4/1000 - 12/1000. 

22. The in-mold decorating sheet wherein in the in-mold decorated article according to any one of Claims 16 to 21 a 
filler material is mixed into the polypropylene mokJing resin. 

23. The in-mold decorating sheet wherein in the in-mold decorated arttole according to any one of Claims 16 to 22. a 
rubber component is mixed into the polypropylene mokilir^ resin. 

24. The in-mold decorating sheet according to any one of Claims 1 6 to 23, wherein a resin component of a layer, bring- 
ing into contact witii the molding resin, out of print layers of the in-mold decorating sheet is chlorinated polypropyl- 
ene-series resin. 



25. The in-mold decorating sheet according to any one of Claims 16 to 24. wherein the in-mold decorating sheet has 
at least a pattern layer (23) formed in a base sheet (22). and wherein when a tensile test is carried out with a 10 
mm wide test specimen (40) of the base sheet fixed between a pair of chucks (42. 43) with a chuck-to-chuck dis- 
tance of 100 mm. by applying a load at a constant speed of 500 mm/min to the test specimen at one end thereof 
under an ambient temperature condition of 40«C, the test specimen exhibits a tensile strength at break of not less 
than 850 gf. 

26. The in-mold decorating sheet according to any one of Claims 16 to 25. wherein when a tensile test is carried out 
with a 10 mm wide test specimen (40) of the in-mold decorating sheet fixed between a pair of chucks with a chuck- 
to-chuck distance of 1 00 mm, by applying a load at a constant ^eed of 3 mm/sec to the test ^edmen at one end 
thereof under an ambient temperature condition of 1 lO'^C, the test specimen exhibits a tensile elongation at break 
of not less than 1 50%. 

27. The in-mold d«:orating sheet according to any one of Claims 16 to 26. wherein the base sheet of the in-mold dec- 
orating sheet is an acrylic film having a thickness of 50 - 200 ^m or a polycarbonate film having a thickness of 30 - 
150 Jim. 

28. The in-mold decorating sheet according to any one of Claims 16 to 26. wherein the base sheet of the in-mold dec- 
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orating sheet is a polyvinyl alcohol fOm having a thickness of 50 • 800 nm. 



29. The tn-mold d«:orating sheet according to any one of Claims 16 to 28. wherein the in-mold decorating sheet com- 
prises at least a base sheet and a metallic color layer, the metallic color layer being a 50 - 800 A thick intf um metal 
thin film, a 300 - 600 A thick tin metal thin film, or a 1 .0 - 3.0 \un thick metal powder ink film. 

30. The in-mold decorating sheet according to any one of Claims 16 to 28. wherein the in-mold decorating sheet com- 
prises at least a base sheet and a metallic color layer, the metallic color layer being a 1 00 - 600 A thick indium metal 
thin film. 



31. A method for manufacturing an In-mold decorated article, comprising: setting the in-mold decorating sheet into a 
mold with the in-mold decorating sheet as defined in any one of Claims 16 to 30 three-dimensionally worked* and 
simultaneously with forming a molded resin product after the mold clamped, integrally bonding the in-mold deco- 
rating sheet to a surface of the molded resin product. 

32. A method for manufacturing an in-mold decorating article, comprising: setting into a mold the in-moW decorating 
sheet as defined in any one of Claims 1 6 to 30; three-dimensionally working the in-mold decorating sheet within the 
mold; and simultaneously with forming a molded resin product after the mold clanped. integrally bonding the in- 
mold decorating sheet to a surface of the molded resin product. 

33. An in-mold decorated article which Is manufactured by the in-moW decorated article manufacturing method as 
defined in Claim 31 or 32. 

34. The in-mold decorated article according to any one of Claims 10 to 12. wherein the pattern layer is an organic-sol- 
vent soluble ink layer. 

35. The in-mold decorated article according to any one of Claims 10. 1 1. and 13. wherein the pattern layer is a water- 
soluble ink layer. 

36. The in-mold decorating sheet according to any one of Claims 16 to 27. wherein the pattern layer is an oroanlc-sol- 
vent soluble ink layer. 

37. The in-mold decorating sheet according to any one of Claims 1 6 to 26. and 28. wherein the pattern fayer Is a water- 
solut)le ink layer. 
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